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^ MODIFIED PENTAPEPTTOE ANTAGONISTS OF THE ATRIAL NATRIURETIC 

PEPTIDE CLEARANCE RECEPTOR 

Backgronnd 

5 ANP is a member of a family of natriuretic peptide hormones, which includes atrial 

natriuretic peptide (ANP), brain natriuretic peptide (BNP), and C-type natriuretic peptide 
(CNF). The natriuretic peptides have a number of actions on the cardiovascular system, 
including; natriuresis, diuresis, and relaxation of vascular snoooth muscle. ANP is a 28-amino 
acid cyclic peptide which is produced in atrial myocytes in response to increases in heart rate 
1 0 and atrial stretch. 

There are two biologically- and functionally-distinct classes of ANP receptors. The 
first one is linked to guanylate cyclase and is thought to mediate the physiological effects of 
ANP via increases in intracellular cGMP levels. These guanylate cyclase receptors are further 
divided into the ANP-A and ANP-B receptors according to their relative affinity for different 
25 15 natriuretic peptides. The second class of ANP receptors do not mediate the cardiovasculature 

effects of the hormone and are thought to mainly serve a clearing function of ANP £rom the 
extracellular circulation. This receptor is known as the atrial natriuretic peptide clearance 
receptor (ANPCR). 

30 

Natriuretic peptides have a very short half life in vrvo, and there are thought to be two 
20 major modes of their clearance from systemic circulation. One is via proteolytic inactivation 
by the enzyme neutral endopeptidase G^EP). The other is via binding to the ANP clearance 
receptor which is expressed on the vascular endothelium. Binding to the clearance receptor is 
followed by internalization and degradation of the peptide. The lung is thought to play a 
major role in ANP clearance, and studies have foimd over 50% of ANP is cleared in a single 
25 pass through the Iimgs. Approaches based on the inhibition of NEP are further complicated by 
the number of physiologically important peptide hormones which are substrates for this 
enzyme. Of the two modes of clearance, the ANPCR is thought to be primarily responsible for 
removal of ANP in the pulmonary vasculature, and the ANPCR is the dominate ANP receptor 

45 

in lung tissue. Additionally, blockade of the clearance receptor in the lung was thought to 
30 provide a pulmonary selective approach to reduction of pulmonary blood pressure due to the 
presence of both the ANP-A,B and ANPCR receptors in the lung and by the proximity of 
50 these receptors to the site of ANP synthesis. For these reasons blockade of the ANPCR was 

chosen as the best approach to increase endogenous levels of ANP. 
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It is estimated that a large segment of patients with chronic obstructive puhnonary 
disease ("COPD") will develop pulmonary hypertension (> 6 million in the US alone), and 
that the number of patients will increase as diagnostic methods improve. An ANPCR 
10 antagonist could have therapeutic usefulness in treating pulmonary hypertension secondary to 

5 COPD. In addition, since all natriuretic peptides (i.e., ANP, DNP and CNP) inhibit vascular 
smooth muscle cell proliferation, an ANPCR antagonist may also be useful for protection of 
the transplanted heart given that plasma levels of BNP are elevated in this situation. An 

15 

ANPCR antagonist may have the greatest therapeutic utility in the treatment of congestive 
heart failure (CHF), by virtue of raising plasma concentrations of ANP and BNP. Iniiision of 

10 exogenous BNP decreased plasma renin activity, increased plasma cGMP and increased 
urinary sodium output with concomitant decreases in pulmonary capillary wedge pressure in 
the dog model of acute heart failure. It has been hypothesized that ANP and BNP's role in the 
circulation may be to produce venodilation and increase capillaiy pemneability to reduce 
25 cardiac preload and prevent pulmonary congestion. Increased plasma ANP and BNP would 

1 5 be expected by blockade of the ANPCR receptor. 
Summary of the Invention 

The present invention is directed to synthetic analogs of atrial peptides and more 

30 

particularly o synthetic linear peptide analogs which find use as diuretics, natriuretics and/or 
vasodilators, or as intennediates for or modulators of such useful compounds, together with 
20 methods for their production and use. 
35 A series of lactams of the generic structure shown below were found to be blockers of 

the ANP clearance receptor (ANPCR). 

CO,H 


40 


r2 r« o 


45 25 Such a replacement group contains a chiral center at the lactam a-carbon, giving the 

diastereomeric pair 1 and II. It has now been found that the R-isomer of the lactam is 
preferred, as shown in the structures below. 


50 
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In the coxirse of this work is was found that lactam molecules which contained a D- 
amino acid or a sarcosine residue in position R7 has good metabolic stability. This is in 
contrast to the natural hormone ANP >^ich has poor metabolic stability. 



C-Terminal Region-^ 


Improve metabohc stability 


Work in the n-Cap region found that decreases in molecular weight caused large 
decreases in potency. For example, truncation to the phenylacetic carboxamide (III) resulted 
in complete loss of binding affinity, while more modest truncation of the naphthyl group to a 
series of substituted benzamides generally produced compounds that bind in the 100 nM 
range. 
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A number of promising compounds in tenns of biological activity resulted from work in 
the n-Cap region. A series of heterocyclic replacements for the naphthyl group, were most 
promising. A compound which combined a 2-quinoxala23ne as a replacement for the naphthyl 
ring, coupled with a D-Arg-14 residue (IV) shows promising oral activity. 


Brief Description of the Drawings 

Some data related to the invention will now be described with reference to the 
accompanying drawings, in which: 

Figure 1 is a chart showing the dose-response efTect of IV or vehicle administered 
orally 165 min before evaluating the change in right intraventricular peak systolic pressure 
(RVSP; upper panel) and mean systemic arterial pressure (MAP; lower panel); and 

Figure 2 is a chart showing the effect of vehicle or I (30 mg/kg, p.o.; top panel) and IV 
(100 mg/kg, p.o.; bottom panel) on immunoreactive plasma content of ANP in rats exposed to 
acute hypoxia. 

Detailed Description of the Invention 

The compounds of the instant invention are linear peptide compounds having the 
structure: 


IV 



.NH, 
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In this structure: 

R' is a hydrocarbon chain containing from one to four carbon atoms and zero-to-two 
heteroatoms, but is preferably -CHjCHj-, -CHjCHjCHj-, =CH.CH=CH- or -N=CH-; 

should be hydrogen or a Cj-C^ alkyl group, but is preferably hydrogen or methyl. is a 
zero-to-four atom chain or aromatic ring containing from zero-to-eight carbon atoms and zero- 
to-three heteroatoms; 

R^ is preferably -CHjCHjCHj-, -(E).CH=CHC(=0)NH-, -CHjCH2C(=0)NH-. para- 
disubstituted phenyl, ortho-disubstituted phenyl, meta-disubstituted phenyl or a single bond, 
wherein, in the disubstituted phenyl groups, one substituent is R^ and the other is the 
methylene group alpha to the zunide carbonyl, as shown in the generic structure above; 
R' is .NHC(=0)-, -C(=0)NH- or -S(-0)jNH-; 

R* is a substituted or unsubstituted alkylaryl, aryl or heteroaryl compound, preferably 1- 
naphthyl, 2-naphthyI, -CH3CH,NHCHjCH=CH-phenyl, -CHjCHj-phenyl. -CH=CH-phenyl, 

2- quinolyl, 3-quinolyU 4-quinolyl, 6-quinolyI, 3-isoquinolyl, 2-quinoxaline, 5-chloro-2- 
indolyl, 2-indolyl, 4-chlorophenyl, 4-methylphenyl, 3-methoxyphenyl, 4-cyanophenyl, 3,4- 
difiuorophenyl, 3-chloro-4-fluorophenyl, 2,4-dichlorophenyI, 3,4-dichlorophenyl, 4- 
chlorophenyl, 3,5-dimethoxyphenyl, 4-re/*/-butylphenyl, phenyl,4-trifluoromethylphenyl, - 
CHjCHjCHj-phenyl, 6-quinolyl-C(=0)-, 2-quinoxaline-C(=0>, 5-chloro-2-benimidazoiyl, 
fluorenylmethoxycarbonyl, 4-chlorobenzyl, 4-methylben2yl, 3-quinoxalinyl, 3,4- 
difluorophenyl, or 4-fluorophenyl; 

R^ is a C3-C5 branched or unbranched alkyl group, preferably isobutyl or sec-bmyl; 

R^ is a natural or unnatural amino acid, preferably N-methylglycine, -NHCH2CH2NHC(=0)-, 

L-arginine, D-arginine, L-omithine, D-omithine, histidine, citrulline, proline, hydroxyproline, 

3 - pyridiny [alanine. L-N-methylalanine, D-N-methyialanine, aminobutyric acid, or 
thiazolidine; 

R* is L-isoteucine-NH], D-isoleucine-NHj, -CHj-cyclopenlyl, -CH2-2-tetrahydrofuranyl, tert- 
butylglycine-NHj, n-butyl, NH-cyclopentyl, NHCHj-2-furanyl, -NHCHj-pyrininyl, -NHCHj- 
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cyclohexy 1, •NH-2-indolizidiny1, D-leucinol, -NH-isobutyl, L-allo-isoleucine-NH,, 1 - 
hydroxycycloleucinol, 2-(aminomethyl)-l-ethyl-pyrrolidine, or (S)-NH-2-niethylbiityl, but if 

is -NH-2-indolizidine, then R' is absent; and 
R** is a one carbon spacer that is preferably =CH- or -C(=0)-; such that when R' is =CH-, then 
is a double bond, and when is -C(=0)- then is a single bond, and when R' is - 
N-CH- and R^ is =CH-, then the central ring is a disubstituted imidazole. 

Representative compounds according to the present invention include those of the 
structure: 



u 

R' 

R^ 

R' 

K* 

R« 

I 

(R^CHjCHr 

H 

para-phenyl 

-C(=0)NH. 

2-naphthyl 

2 

(R)-CH,CHj- 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

3 

(R)-CH,CH2- 

H 

para>phenyl 

-C(=0)NH- 

2-naphthy] 

4 

(R>CH2CH,- 

H 

a single bond 

-C(«0)NH- 

(E>PhHC=CHCHjNHCH2CHr 

5 

(RK:HjCH,- 

Me 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

6 

(R)-CHjCHj- 

Me 

1,3-propyl 

-NHC(=0)- 

PhCHjCHjCH,- 

7 

(R)-CH,CH,- 

Me 

-CHjCHjC(=0)NH- 

-S(=0)3NH- 

2>naphthyl 

8 

(RVCHjCHj- 

Me 

-CH2CH2C(=0)NH- 

-SC-OXNH- 

(E>PhHC=CH- 

9 

(R>CH,CHj- 

Me 

►CHjCHiC(=0)NH- 

-C(=0)NH- 

6-quinolinyI-C(=0)- 

10 

(R>CHjCH,- 

Me 

para-pheny] 

-C(-0)NH- 

6-quinolinyl-C(=0)- 

11 

(R)-CH,CHj- 

Me 

para-phenyl 

-C(=0)NH- 

2-<iuinoxalinyl-C(*=0>- 

12 

-<:h-ch=ch- 

H 

para-phenyl 

-C(=0)NH- 

2-napbthyl 

13 

=CH-CH=CH- 

H . 

para-phenyl 

-C(-0)NH- 

2-naphthyl 

14 

=CH-CH-CH- 

H 

para-phenyl 

-C(=0)>IH- 

5-chloro-2-indolyl 

IS 

-<:h-ch=ch- 

H 

para-phenyl 

-C(-0)NH. 

5 -ch Ioro-2-in dolyl 

16 

(R)-CH2CH,- 

Me 

-CH,CH,C(=0)NH- 

-C(«0)>IH- 

(E)-PhHC=CH- 

17 

=CH-CH=CH- 

H 

para-phenyl 

-C(=0)NH- 

2-napbthyl 

IS 

-CH-CH=CH- 

H 

para-phenyl 

-C(=0)NH- 

2-napbtiiyl 

19 

(R>CHXH,- 

Mc 

-CHiCHjC(»0)NH- 

-C(=0)NH- 

2-indole 

20 

imidazole* 

H 

para-phenyi 

-C(=0)NH- 

2-naphthyI 

21 

(R)-CHjCH,- 

Me 

para-phenyl 

-C(0)NH- 

2-naphthyI 

22 

(R)-CHjCH,- 

Mc 

-CH2CH2C(=0)NH- 

-C(=0)NH- 

(EVPhHC=CH- 

23 

(RHTHjCH,- 

Me 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

24 

(R>-CH2CH,- 

Me 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

25 

(R)-CH,CH,- 

Me 

para-phenyl 

-C(=0)NH- 

6-quinoliDyl 

26 

(RVCHjCH,- 

Me 

para-phenyl 

-C(*0)NH- 

3-quinolinyl 

27 

(R)-CH2CHj- 
(R)-CHaCH,- 

Me 

pare-phenyl 

-a=0)NH- 

2-quinolinyl 

28 

Me 

para-phenyl 

-C(-0)NH- 

2-indole 

29 

(R)-CHjCH,. 

Me 

para-phenyl 

-C(=0)NH- 

(E)-PhHC»CH- 

30 

(RVCHaCHr 

Me 

para-phenyl 

-C(=0)NH. 

4-mcihylphenyl 

31 

(R)-CH,CHj- 
(Rl-CHjCH,- 

H 

para-phenyl 

-NHC(=0> 

4-chloro benzyl 

32 

H 

para-phenyl 

-NHC(-0> 

4-methylbenzy] 
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R' 

R' 

R' 

R* 

R» 

J J 


H 

para-phenyl 

.C(-0)NH- 

2-naphlhyl 

34 

/rvch'ch-.- 

H 

para>phenyl 

-C(=0)NH- 

2-naphthyl 



H 

para-phenyl 

-C(=0)NH- 

2'naphthyl 

36 

/RVPH CH.- 

H 

para-phenyl 

-C(''0)NH- 

2-naphthyl 

37 

fRVCH^CH,- 

H 

para-phenyl 

-C{==0)NH- 

2-naphthyl 

38 


H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

39 


H 

para-phenyl 

.C(=0)NH- 

2-naphthyl 

A.n 
*»u 

fRVPH PH - 
\ wrijwjrij 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

41 


H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 


/Hvr*i-i ow - 

H 

para-phenyl 

-C(-0)NH- 

2-naphthyl 



H 

para-phenyl 

-C(«0)NH- 

2-naphthy] 

44 


II 

para-phenyl 

-C(=0)NH- 

2-naphthy] 



H 

para-phenyl 

-C(=0)NH- 

2-naplithyl 

•ID 


H 

para-phenyl 

-C(*0)NH- 

2-naphthyl 

d7 


H 

para-phenyl 


2-naphtbyl 

48 

^ rv ^ n ji.* i« 2 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

AO 

/"RVPH PH— 
^ Ix^x^ri2v#ri3 

H 

para-phenyl 

-C(=0)NH- 

2-naphthy I 

jU 

^ix^v-rijv^ n2 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

e 1 

J 1 

/■RA-r'W PH _ 
Vix7-V,^n2*^»"2 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 


/RVPH PH - 
\ ix/^ V'n2^-'" J 

H 

para-phenyl 

-C(-0)NH- 

2-naphthyl 

^ J 

/RVPH PH - 

H 

para*phcnyl 

-C(=0)NH- 

2-naphthyl 


/RVPH PH - 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

55 

V K^Crlii-. rl2'- 

H 

para-phenyl 

-C(=0)NH- 

4-quinolinyI 

jO 

/R\_PW PH w 

H 

para-phenyl 

-C(=0)NH- 

6-qutnolinyl 

<n 

J 1 

/P\_PI4 PH - 

H 

para-phenyl 

-C(«0)NH- 

3-quinolinyl 

58 


H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

CO 

( K /^MjL-rlj- 

H 

para-phenyl 

-C(=0)NH- 

3-quinoxalinyl 

OU 

\J\. y-\,r%-g^t\-]^ 

H 

para-phenyl 

-C(=0)NH- 

2-quinolinyl 

Ol 


H 

para-phenyl 

-C(=0)NH- 

3-quinolinyl 

62 

( K_^-v^M2l«-rl2- 

H 

para-phenyl 

-C(=0)NH- 

6-quinolinyl 

AT 
OJ 


H 

para-phenyl 

-C(=0)NH- 

3-isoquinolinyl 

Ayl 


H 

para-phenyl 

-C(=0)NH- 

2-quuiolmyl 

iK 
OJ 


H 

para-phenyl 

-C(=0)NH. 

2-indolyI 

66 


H 

para-phenyl 

-C(-0)NH- 

2-indo}yI 

67 

/D\ 

H 

para-ph^yl 

-C(-0)NH- 

4-chlorophenyI 

68 


H 

para-phenyl 

-C(=0)>IH- 

4-trif1 uoromethy Ipheny 1 

69 

/D\ /^IJ #^IJ 

H 

para-phenyl 

-C(=0)NH- 

4-fluoropheny] 

70 

(K)-Crl2CH2- 

H 

para-phenyl 

-C(=0)NH- 

4-methylphenyl 

71 

(R)-CHjCH2- 

H 

para-phenyl 

.C(=0)NH- 

3-inethoxyphenyl 

72 

/D\ /^Ll /""IJ 

H 

para-phenyl 

-C(=0)NH- 

4-cyanaphenyl 

73 

(R}-CM2Cri2- 

H 

para-pheny I 

-C(=0)NH- 

3 ,4-difluoropheny 1 

74 

(R)-CH2CH2- 

H 

para-phenyl 

-C(=0)NH- 

3 -chloro-4-fluorc^heny 1 

75 

(KJ-C-M2V^M2- 

H 

para-phmyl 

•C(=0)NH- 

3,5-dimedioxypheiiyl 

76 

(R)-CH2CH2- 

H 

para-|:^cnyl 

-C(=0)NH- 

2-indolyI 

77 

(R>CH2CH2- 

H 

para-phenyl 

-C(=0)NH- 

3-methoxyphenyl 

78 

(R>CH2CH2- 

H 

para-phenyl 

.C(=0)NH- 

2 ,4- di chloropheny 1 

79 

(R^CHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

4-chlorophenyl 

80 

{R)-CH2CH2- 

H 

para-phenyl 

.C(=0)NH- 

4-chlorophenyl 

81 

(R)-CH2CH2- 

H 

para-phenyl 

-C(=0)NH- 

4-trifluoromethy Ipheny 1 

82 

(RVCHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

4-chlorophenyl 

83 

(R)-CH2CH,- 

H 

para-phenyl 

-C(=0)NH- 

4-trifluoromcthylphenyl 

84 

(R)-CH2CH2- 

H 

para-phenyl 

-C(=0)NH- 

2 ,4-dtch lorophenyl 

85 

(R)-CH2CH2- 

H 

para-phenyl 

-C(=0)NH- 

4-chlorophenyl 

86 

(Ri-CHjCHj- 

H 

para-phenyl 

.C(=0)NH- 

3-quinotinyl 

87 

(R)-CH2CH2- 

H 

para-phenyl 

-C(=0)NH- 

3-qutnolmyl 

88 

(R)-CHjCH2- 

H 

para-phenyl 

-CC-0)NH- 

2-quinolinyl 
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# 

R' 

R» 

R^ 

R* 

R' 

89 

(R>CH,CH2- 

H 

para-pbeny] 

-C(=0)NH- 

3-isoqumalinyl 

90 

(RHTHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

2-quinoltnyl 

91 

(R)-CHaCHi- 

H 

para-phenyl 

-C(=0)>IH- 

2-indoiyl 

92 

(R>-CHjCHj- 

H 

para-phenyl 

-C(-0)NH- 

3-i5oquinolinyl 

93 

(RVCHjCH^- 

H 

- para-phenyl 

-C(=0)NH- 

2-mdolyl 

94 

(RK:HjCH2- 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyI 

95 

(R>CH5CH2- 

H 

para>phenyl 

-C(-=0)NH- 

2-naphthyl 

96 

(R)-CH,CHf- 

H 

pararphenyl 

-C(*0)NH- 

2-naphthyl 

97 

(R)-CH2CH2- 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

98 

(R)-CH]cH2- 

H 

para-phenyl 

-C(-0)NH- 

2-naphthyl 

99 

(RVCHjCHj- 

H 

parfr-phenyl 

-C(=0)NH- 

2-naphthyl 

100 

(RVCHjCH,- 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

101 

(RVCHjCHj. 

H 

para-phenyl 

.C(-0)NH- 

2-naphlhyl 

102 

(RVCHjCH,- 

H 

para-phenyl 

•C(=0)NH- 

2-naphthyl 

103 

(R)-CHaCHj- 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

104 

(R)-CHjCH2- 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

105 

(S>CH,CHj- 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

106 

(RVCHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

1 -naphthyl 

107 

(RVCHjCHi- 

H 

onho-phenyl 

-C(=0)NH- 

2-naphthyl 

108 

(RVCHjCHj- 

H 

meta-phenyJ 

-C(=0)NH- 

1 -naphthyl 

109 

(R)-CH,CHj- 

H 

meta-phenyl 

-C(=0)NH- 

2-naphthyl 

110 

(R>CH,CHj- 

H 

ortho-phenyl 

-C(==0)NH- 

1 -naphthyl 

111 

(R)-CHiCHj- 

H 

-CH,CHjC(=0)NH- 

-NHC(«0)- 

2-phenyIetfayl 

112 

(R)-CHjCHj- 

H 

.{E>HC-CHC(=0)NH- 

-NHC(0)- 

2-phenyIeihyl 

113 

(R>CH,CH2- 

H 

.CH,CHjC(=0)NH- 

-NHC(-0)- 

(E)-Ph-HC-CH- 

114 

(S>CHjCHj- 

H 

para-phenyl 

-C(-0)NH- 

1 -naphthyl 

115 

(S)-CH2CH,- 

H 

ortho-phenyl 

-C(=0)NH- 

2-naphthyl 

116 

(S>CH,CH2- 

H 

meta-phenyl 

.C(=0)NH- 

1 -naphthyl 

117 

{SVCH^CHj- 

H 

meta-phenyl 

-C(=0)NH- 

2-naphthyi 

118 

(S)-CHjCHi- 

H 

-CHjCHjC(=0)NH- 

-C(=0)NH- 

(E)-Ph-HC=CH- 

119 

(R^CHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

120 

(RVCHaCHj- 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 

121 

(RVCHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

2-naphtbyI 

122 

(RVCHjCHj- 

H 

para-phenyl 

.C(=0)NH- 

2-naphthyl 

125 

(R^CHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

2-naphtfayl 

124 

(R)-CHjCH2- 

H 

-CH2CH;C{=0)NH- 

.C(=0)NH- 

(E>-Ph-HC-CH- 

125 

(R^CHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

FMCX: 

126 


H 

para-phenyl 

-C(-0)NH- 

5 -ch loro-2-indoly 1 

127 

(RVCHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

5-chloro-2-uido]yl 

128 

(R^CHjCHj- 

H . 

para-phenyl 

-C(=0)NH- 

5 -chloro-2-uido]yl 

129 

(R^CHjCHj- 

H 

para-phenyl 

-C{«0)NH- 

5-chloro-2-indolyl 

130 

(R^CHjCHj- 

H 

Dara-Dhenvl 

-C(«0)NH- 

5-chloro-2-mdoly1 

131 

(RVCHjCHj- 

H 

para-phenyl 

-C(=-0)NH- 

5-chloro-2-indolyl 

132 

(R^CHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

6-methyl-3-pyridinyl 

133 

(RVCH^CHi- 

H 

para-phenyl 

.C(-0)NH- 

6-methy l-3-pyridiny 1 

134 

(R)-CHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

6-quinolinyl 

135 

(RVCHjCH,- 

H 

para-phenyl 

-C(=0)NH- 

6-quinolinyl 

136 

(R)-CHaCH-i- 

H 

para-phenyl 

-C<=0)NH- 

3-quinoxalinyl 

137 

CR)-CH3CHj- 

H 

para-phenyl 

-C(=0)NH- 

3-quinoxalinyl 

138 

(R^CHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

5-€hloro-2-faenzunidazolyl 

139 

(RVCHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

5-chloro-2-benzimidazotyl 

140 

(RVCHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

5-chloro-2-benzunidazotyl 

141 

(R)-CH2CH2- 

H 

para-phenyl 

-C(=0)NH- 

3-qujnoliny} 

142 

(R)-CH2CH2- 

H 

para-phenyl 

-C(=0)NH- 

3-isoquinolinyl 

143 

(R)-CH,CHr 

H 

para-phenyl 

-C(«0)NH- 

2-quuiolinyi 

144 

(R^CHjCH,- 

K 

para-phenyl 

-C(=0)NH- 

2-indolyl 
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R' 

R' 

R' 

R^ 

R» 

145 

(R)-CH,CHj- 

H 

para-phenyl 

-C(=0)NH- 

3-quuioliny] 

146 

(R)-CH,CH2- 

H 

para-phenyl 

-C(=0)NH- 

3-isoquinolinyl 

147 

(R)-CHjCHj- 

M 

para-phenyl 

-C(=0)NH- 

2-qijinoUnyl 

148 

(R^CHjCHj- 

H 

para-pheoyl 

-C('=0)NH- 

2-naphthyl 

149 

(RH^HjCH,- 

H 

. para-phenyl 

-C(=0)NH- 

3-qumolinyl 

150 

(RKTHjCH,- 

H 

para-pheoyl 

-C(=0)NH- 

3-isoquinolinyl 

151 

(RVCHjCHj- 

H 

para-phenyl 

-C(=0)NH- 

2-quinolinyl 

152 

(RVCHiCH^j- 

H 

para-phenyl 

.C(=0)NH- 

6-quinohnyl 

153 

(RVCH3CH2- 

H 

para-phenyl 

-C(«0)NH- 

3-quinoxalinyl 

154 

(R)-CH,CHr 

H 

para-phenyl 

-C(=0)NH- 

2-indokyI 

155 

(R)-CH,CHa- 

H 

para-phenyl 

-C(=0)NH- 

5-chloro-2-indolyl 

156 

(R)-CH,CHjCH,. 

H 

para-phenyl 

-C(=0)NH- 

2-naphthyl 


* when R' is imidazole, the central ring contains no carbonyl group. 


35 


40 


45 


50 


u 
ft 


R' 

K. 

1 
1 

^L/^oJSeC£3U 

i>i-ivjcu ly 


•1 

/secou 


CH}-cyclopentyl 


\}^ j^o ^secDu 




\Li )\^ ^ecDu 

ivicvjiy 

lle-NHj 

^ 

(LXd>seCDU 

A ret 

lIc-iNrlj 

6 

(^L.j(b,)secDU 

(UjArg 


7 

(Lj(^^secxJU 

tT\\ A rn 

1 le- F>irl2 

8 

(L)(S}secDU 

(DjArg 

lle-NHj 

9 

(L)(S)secBu 

(D)Arg 

Itm, XIU 

lie^Nrlj 

10 

(L)(S)secBu 

(D)Arg 

lle-NHa 

1 1 



IIe->NH2 

12 

(DLXS)secBu 

(L)Arg 

IIc-Nh' 

13 

(DLXS)secBu 

{D)oniithine 

lle-NH, 

14 

(DLXS)secBu 

(D)Arg 

Ile-NHa 

15 

(DLXS)secBu 

N-MeGly 

lle-NHj 

16 

(LXS)secBu 

(D)Arg 

Ile-NH, 

17 

(DLXS)sccBu 

(D)Arg 

lle>NH, 

18 

(DLXS)secBu 

N-MeGly 

Ilc-NHj 

19 

(LXS)secBu 

(D)Arg 

lle-NHj 

20 

(LXS)secBu 

(L)Arg 

lIc-NHj 

21 

(LXS)secBu 

(L)Ars 

lle-NHj 

22 

(LXS)secBu 

(L)Arg 

lle-NHj 

23 

(LXS)sccBu 

N-McGly 

lle-NH, 

24 

(L)(S)secBu 

Gly 

Ile-NH, 

25 

(LXS)secBu 

N-MeGly 

lle-NH, 

26 

(LXS)secBu 

N-MeGly 

Ile-NH, 

27 

(LXS)secBu 

N-MeGly 

lle-NH, 

28 

(LXS)secBu 

N-MeGly 

Ile-NH] 

29 

(LXS)secBu 

N-MeGly 

Ile-NH, 

30 

(LXS)secBu 

N-MeGly 

Ilc-NHa 

31 

(LXS)secBu 

N-MeGly 

NH-i-Bu 

32 

(LXS)secBu 

N-MeGly 

NH-i-Bu 

33 

(DXS)sccBu 

(D)Arg 

lle-NHj 

34 

{D)isoBu 

(L)omithine 

NH-i-Bu 

35 

(D)isoBu 

(D)Arg 

llc-NHj 

36 

(D)isoBu 

N-MeGly 

llc-NHj 

37 

(D)isoBu 

His 

IIC-NH2 

38 

(D)isoBu 

citrulline 

NH-i-Bu 

39 

(D)isoBu 

(D)Arg 

NH-i-Bu 

40 

(LXS)secBu 

Pro 

NH-i-Bu 


55 
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# 

R* 

R' 

R» 

41 

(L)(S)sccBu 

Hyp 

NH-i-Bu 

42 

(L)(S)sccBu 

3-pyridinyl*Ala 

NH-i-Bu 

43 

(L)(S)secBu 

N-MeAla 

NH-i-Bu 

44 

(L)(S)secBu 

(D)N-MeAla 

NH-i-Bu 

4S 

(L)('S)secBu 

aminobucyric acid 

NH-i-Bu 

46 

(L)(S)secBu 

thiazolidine 

NH-i-Bu 

47 

(L)(S)secBu 

Pro 

Ile-NH, 

48 

(LXS)secBu 

Arg 

(L)-Bllo-Ile-NH2 

49 

(LXS)5ecBu 

(L)omithinc 

(L)-ano-ne-NH3 

50 


(D)omitfaine 

lle-NH, 

51 

(L)(S)secBu 

(D)Arg 

lle-NH, 

52 

(L)(S)secBu 

{L)omitbine 

(D) ilo-NHx 

53 

fLHSlsecBu 

Arg 

(D) lle-NHj 

54 

(L)(S)secBu 

(D)Arg 

NH-i-Bu 

55 

(L)(S)secBu 

(D)Arg 

Ilc-NHj 

56 

(L)(S)secBu 

{D)Ajg 

lle-NHj 

57 

(L)(S)secBu 

(D)Arg 

Ile-NHj 

58 

(LXS)sccBu 

(D)omithme 

NH-}-Bu 

59 

(LXS)secBu 

(D)Arg 

Ile-KHj 

60 

(LXS)secBu 

(D)Arg 

lle-NH} 

61 

(LXS)secBu 

(D)Arg 

NH-i-Bu 

62 

n vs^secBu 

(D)Arg 

NH-i-Bu 

63 

(LXS)secBu 

<D)Arg 

NH-i-Bu 

64 

(L)(S)sccBu 

(D)Arg 

NH-i-Bu 

65 

(LXS)sec6u 

(D)Aj'g 

NH-i-Bu 

66 

(LXS)secBu 

N-MeGly 

NH-i-Bu 

67 

fLySYsecBu 

N-MeGly 

lIc-NHj 

68 

fLXS)secBu 

N-MeGIy 

lle-NHj 

69 

(LXS)secBu 

N-MeGly 

lle-NH, 

70 


N-MeGly 

lle-NHj 

71 


N-MeGly 

lle-NH, 

72 

(LXS)sccBu 

N-MeGIy 

lle-NHj 

73 


N-MeGIy 

lIc-NHj 

74 

(LXS)sccBu 

N-MeGly 

Ile-NHi 

75 

(LXS)sccBu 

N-MeGIy 

Me-NH, 

76 

fLVS^secBu 

(D)Arg 

llc-NH^ 

77 

(LXS)secBu 

N-MeGIy 

lle-NH} 

78 


N-MeGly 

Ile-NHj 

79 


(D)omithine 

NH-i-Bu 

ow 


(D)Arg 

NH-i-Bu 

o 1 



NH-i-Bu 



Pro 

NH-i-Bu 

83 

(LXS)secBu 

Pro 

NH-i-Bu 

84 

(LXS)secBu 

Pro 

NH-i-Bu 

85 

(LXSHecBu 

N-MeGly 

NH-i-Bu 

86 

(L)(S)secBu 

N-MeGIy 

lle-NH, 

87 

(LXS)secBu 

(D)omithine 

Ile-NH, 

88 

(L)(S)secBu 

(D)oniithine 

lle-NHj 

89 

(LXS)secBu 

{L))omithine 

lle-NH, 

90 

{LXS)secBu 

N-MeGIy 

lle-NHj 

91 

(L)(S)secBu 

(D)omithine 

lle-NH, 

92 

(LXS)secBu 

N-MeGIy 

lle-NH, 

93 

(LXS)sccBu 

N-MeGIy 

Ue-NH, 

94 

(LXS)sccBu 

Arg 

NH-i-Bu 

95 

(LXS)sccBu 

NH-2-indolizidine 

[n/a] 

96 

(L)(S)secBu 

N-MeGIy 

-CHa-2-THF 
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97 (LXS)secBu N-McGly 

98 (L)(S)sccBu N-McGly 

99 (LXS)secBu N-McGly 

100 (LXSHecBu N-MeGly 

101 (LXS)secBu N-MeGly 

102 (LXS)secBu N-MeGly 

103 (LXS)sccBu N-MeGly 

104 (LXS)secBu Arg 
I OS (LXS)secBu Arg 
106 (LXS)secfiu Arg 

,5 107 (LXS)secBu Arg 

108 (LXS)secBu Arg 

109 (LXS)secBu Arg 

1 10 (LXS)sccBu Arg 

1 1 1 {LXS)secBu Arg 

1 12 (LXS)secBu Arg 

113 (LXS)secBu Arg 

114 (LXS)secBu Arg 

115 (LXS)secBu Arg 

1 16 (LXS)secBu Arg 

117 (LXS)secBu Arg 

1 18 (LXS)secBu Arg 

1 19 (LXS)sccBu Arg 
25 120 (LXS)sccBu Gly 

121 (LXS)secBu Arg 

122 (LXS)secBu Gly 

123 (LXS)secBu (L}Arg 

124 (LXS)secBu (L)Arg 

125 (LXS)sccBu (D)Arg 
30 126 (LXS)secBu (D)Arg 

127 {LXS)secBu N-MeGly 

128 (LXS)secBu (D)omithme 

129 (LXS)secBu (D)omithinc 

130 (LXS)secBu (D)Arg 

131 (LXS)sccBu N-MeGly 
35 132 (LXS)secBu (D)Arg 

133 (LXS)$ecBu (DXnnichine 

134 (LXS)sccBu N-MeGly 

135 (LXS)secBu (D)oniithine 

136 (LXS)secBu N-MeGly 

137 (LXS)secBu (D)omithine 
40 138 (LXS)secBu (D)Arg 

139 (LXS)secBu N-MeGly 

140 {LXS)sccBu (D)omithinc 

141 (LXS)secBu (D)omithine 

142 (LXS)secBu (D)omithine 

143 (LXS)sccBu (D)omithinc 
45 144 (L)(S)secBu (D)omithinc 

145 (L)(S)secDu N-McGly 

146 (LXS)secBu N-MeGly 

147 (LXS)sccBu N-MeCly 

148 (LXS)sccBu (D)Arg 

149 (LXS)sccBu (D)Arg 

150 (L)(S)secBu (D)Arg 

151 (LMS)secBu (D)Arg 

152 (LXS)secBu (D)Arg 


(DH-BuGJy-NH, 

(DLVt-BuGly-NH, 

-NH-cyc!oleucinol 

-NH.2-(NHCH> 1 -Et-pyrroUdine 

-NHCH2-2-i\ir8n 

(D>leucinol 

-NHCH,-2-pyridinyl 

llc-NH, 

llc-NH, 

llc-NH, 

Ile-NH, 

llc-NH, 

lle-NHj 

lle-NHj 

llc-NHj 

lle-NHj 

llc-NH, 

Ile-NH, 

Ilc-NHj 

llc-NH, 

Ile-NH, 

llc-NH, 

(S>NH-2-inethylbutyl 

(S>NH-2-inethylbutyl 

-NH-CH,-cyclohexyl 

-NH-CH,-cyclohcxyl 

Ile-NH, 

Ile-NH, 

Ile-NH, 

Ile-NH, 

Ile-NH, 

Ile-NH, 

NH-i-Bu 

NH-i-Bu 

NH-i-Bu 

llc-NH, 

Ile-NH, 

llc-NH, 

Ile-NH, 

Ile-NH, 

Ile-NH, 

Ile-NH, 

Ile-NH, 

Ile-NH, 

-NH-i-Bu 

-NH-i-Bu 

-NH-i-Bu 

-NH-i-Bu 

-NH-i-Bu 

-NIl-i-Bu 

-NH-i-Bu 

-NHCH,-cyclohexyl 
-NHCHj-cyclohexyl 
-NHCH,-cyclohcxyl 
-NHCHs-cyclohexyl 
-NHCHa-cycIohexyl 
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153 
154 
ISS 
156 


(LXS)sccBu 
(LKS)secBu 
(LKS)sccBu 
(LXS)secBu 


(D)Arg 
(D)Arg 

Arg 


-NHCHj-cyclohexyl 
-NHCH,-cycIohexyl 
-NHCHj-cyclohcxyi 
>NH-isobiity] 


The above represemative compounds were synthesized according to the Assembly Procedures below, 
using the resins shown and purirication methods shown. 



Ki(nM) 

Assembly 

Resin 

Purification 

MS 

MS 

HPI .f* RT 

HPLC 



Procedure 


Method 


IVICUlUU 


jvicinoo 

] 

2.17 


RsrnAfie 

ppt 

800.3 


IT o< 
1 

a 

2 

490 

B 

PAC-PEG 

HPLC 

759 3 

Cdr 

1..9.U7 

& 


986 

3 

PAC-PEG 

HPLC 

743.3 

COT 

lA.Jt 

a 


I 



ppt 

757 4 


TIC 

D 

c 

D 



rvmii ci^w 

SPE 



1 C AA 
13.00 

a 

O 

14 



ppt 

OJ / -J 


11 ^A 

c 

-J 




SPE 

930.3 

P^4. 

IV. 5 J 

c 

g 

262 


R&magc 

SPE 

906.4 

COT 

in A*) 

c 

o 
y 

1 

*» J J 



ppt 

893 4 


/.J J 

c 

in 

1 Kf 

38.6 



ppt 

900.5 

Co^ 

y.uo 

c 

1 ] 

19 


Rnmftoe 

ppt 

901.5 

PQ+ 

1 1 ^o 

c 

12 

2 


Ramflpe 

SPE 

12.582 

£S-*- 

895.6 

c 


o / 


Rnmflcre 

SPE 


PC^ 

IT A 

c 

1^ 

14 

OIA 


R&magc 

SPE 

out A 


IT SI 

c 

1 £ 

13 

^ in 

•t JU 

A 

e% 

Raniage 



PG^ 


c 

16 


A 

Ramagc 


O/U.0 

to**" 

a T< 

c 

J 7 

IIM 

A 

Ramage 


07^.3 

PC^ 

IT A 

c 

1 B 

Is 


A 

A 

Ramage 


film 

PG^ 

IT TA 

c 

19 


A 
A 

Ramage 

QPP 


tio+ 

1 A AO 

c 


1 O 1 


Raniage 

SPE 

868.6 

ES+ 

1 1 TS 

c 

Z 1 

v. J o 



ppt 

890 

ES+ 

1 I .*# 

Q 





SPE 

870 

P*l+ 

"7 ^ 
i .J 

rl 

u 



A 

r\ 

R amttttm 

SPE 

o 

PQ+ 

TT ^ 

a 

24 

2.4 

A 

Ramage 

SPE 

800 

ES+ 

17.6 

d 

25 

26.5 

A 

Ramage 

ppt 

815 

ES+ 

7.46 

d 

26 

6.9 

A 

Ramage 

ppt 

815 

ES+ 

8.4 

d 

27 

22 

A 

Ramage 

ppt 

815 

ES+ 

12.6 

d 

28 

23 

A 

Ramage 

ppt 

803 

ES+ 

tl.6 

d 

29 

14 

A 

Ramage 

ppt 

790 

ES+ 

11.6 

d 

30 

27 

A 

Ramage 

ppt 

832 

ES+ 

12,7 

d 

31 

233 

C 

Merrifield 

HPLC 

741 

ES 

27.10 

e 

32 

683 

C 

Merrifleld 

HPLC 

722 

ES 

26.32 

e 

33 

9.9 

A 

Rink 

SPE 

886 

FAB+ 

6.1 

f 

34 

232 

C 

PS-Aldchydc 

SPE 

786 

FAB+ 

7.2 

f 

35 

299 

A 

Riiik 

SPE 

885 

FAB+ 

6.5 

f 

36 

321 

A 

Rink 

SPE 

800 

FAB+ 

7.7 

f 

37 

79 

A 

Rink 

SPE 

866 

FAB+ 

6.3 

f 

38 

641 

C 

PS- Aldehyde 

SPE 

827 

FAB+ 

7.5 

f 

39 

83 

C 

PS- Aldehyde 

SPE 

828 

FAB-»- 

7.6 

f 

40 

6.0 

C 

PS-Aldehyde 

SPE 

769 

FAB+ 

7.6 

8 

41 

8.4 

C 

PS-Aldehydc 

SPE 

785 

FAB+ 

6.3 

B 

42 

704 

C 

PS-Aldehyde 

SPE 

820 

FAB+ 

6.9 

8 

43 

69 

c 

PS-Aldehyde 

SPE 

757 

APCI+ 

8.7 

j 

44 

18 

c 

PS-Aldehyde 

SPE 

757 

APCI+ 

8.7 

J 

45 

13 

c 

PS-Aldehyde 

SPE 

757 

APCI+ 

8.6 

j 

46 

12 

c 

PS-Aldehyde 

SPE 

787 

APCH 

8.8 

i 
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Assembly 

Resin 

Purification 

MS 

MS 

HPLC RT 

HI 


Procedure 


Method 




M 

1 

A 

Rink 

SPE 

827 

APCI+ 

7.6 


3.5 

A 

Rink 

SPE 

885.4 

MAI nt 

6.14 


4.9 

A 

Rink 

SPE 

843.4 

MALDI 

5.94 

J. 

I 

A 

Rink ' 

SPE 

843.4 

MALDl 

6.67 

- 

1.65 

A 

Rink 

SPE 

885.4 

MALDI 
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In Vivo Profiles 

Oral dose-Tcsponse activity of several compounds, including 1 and IV, has been 
5 demonstrated in an Acute Hypoxia Model (AHM, Figure 1). A detailed description of this 
model can be found in William L. Rumsey et al.. Oxygen Transport to Tissue XIX 
(Harrison and £>elpy eds.. Plenum Press 1997), herein incorporated by reference. Studies with 
I show that orally-dosed ANFCR blockers arc capable of diminishing the rise in hypoxia- 
induced pulmonary pressure at doses as low as 10 mg/kg. This compound caused marked 
10 effects on the pulmonary side of the circulation; little if any systemic effect on mean arterial 
20 pressure (MAP) was observed. 

Similar results were observed upon oral administration of peptide IV. Peptide IV 
decreased the rise in hypoxia-induced pulmonary pressure at 30 mg/kg without significant 
systemic effects. 

25 

15 Radioimmunoassay 

Studies were performed (Figure 2) to determine whether oral administration off 
would increase plasma levels of ANP concomitant with changes in right ventricular systolic 
30 pressure in the acute hypoxia model in vivo. Compared with vehicle controls, rats exposed to 

I showed a 1 .7-fold increase in immunoreactive plasma concentrations of ANP (mean±S£: 
20 19.91±1.24 vs. 33.85±4,54 pg/ml, respectively; Figure 2. top panel). These values were 
statistically different at the P<0.05 level. Similar results were observed with IV (Figure 2, 
bottom panel). 
Administration and Use 

Compounds of the present invention are shown to have natriuretic^ diuretic and 
^ 25 hypotensive activity in the intact mammal, and may possess vasorelaxant activity or inhibit 

the release of aldosterone and renin. Thus, these compounds, and compositions containing 
them, may be used as therapeutic agents in the treatment of various edematous states such as, 
for example, congestive heart failure, nephritic syndrome and hepatic cirrhosis, pulmonary 
disease, in addition to hypertension and renal failure due to ineffective renal perfusion or 
30 reduced glomerular filtration rate. 

The present invention also provides compositions comprising an effective amount of 
compounds of the present invention, including the nontoxic addition salts, amides and esters 


50 
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thereof, which may, serve to provide the above>recited therapeutic benefits. Such 
compositions can also be provided together with physiologically-tolerable liquid, gel or solid 
diluents, adjuvants and excipients. The compoimds of the present invention may also be 
combined with other compounds known to be adjuvants for, or otherwise used as, therapeutic 
agents for the above or related indications. 

These compounds and compositions may be administered to humans in a maimer 
similar to other therapeutic agents and, additionally, to other mammals for veterinary use, 
such as with domestic animals. In general, the dosage required for therapeutic efficacy will 
range from about 0.01 to 1000 mg/kg, more usually 0.1 to 100 mg/kg of the host body weight. 
Alternatively, dosages within these ranges can be administered by constant infusion over an 
extended period of time until the desired therapeutic benefits have been obtained. 

Typically, such compositions are prepared as injectables, either as liquid solutions or 
suspensions; solid fonns suitable for solution in, or suspension in» liquid prior to injection 
may also be prepared. The preparation may also be emulsified. The active ingredient is often 
mixed with diluents or excipients which are physiologically tolerable and compatible with the 
active ingredient. Suitable diluents and excipients are, for example, water, saline, dextrose, 
glycerol, or the like, and combinations thereof. In addition, if desired, the compositions may 
contain minor amoimts of auxiliary substances such as wetting or emulsifying agents, 
stabilizing or pH-buffering agents, and the like. 

The compositions are conventionally administered paienterally, by injection, for 
example, either subcutaneously or intravenously. Additional formulations which are suitable 
for other modes of administration include suppositories, intranasal aerosols, and, in some 
cases, oral formulations. For suppositories, traditional binders and excipients may include, for 
example, polyalkylene glycols or triglycerides; such suppositories may be formed from 
mixtures containing the active ingredient in the range of 0.5% to 10% preferably l%-2%. Oral 
formulations include such normally-employed excipients as, for example, pharmaceutical 
grades of maimitol, lactose, starch, magnesium stearate, sodium saccharin, cellulose, 
magnesium carbonate, and the like. These compositions take the form of solutions, 
suspensions, tablets, pills, capsules, sustained-release formulations, or powders, and contain 
10%-95% of active ingredient, preferably 25%-70%. 

The peptide compounds may be formulated into compositions as neutral or salt forms. 
Pharmaceutically-acceptable nontoxic salts include the acid addition salts (formed with the 
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free amino groups) and which are fonned with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or organic acids such as acetic, oxalic, tartaric, mandelic, 
and the like. Salts formed with the free carboxyl groups may be derived from inorganic bases 
10 such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such 

5 organic bases as isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine, procaine, 
and the like. 

In addition to the compounds of the present invention which display natriuretic, 

15 

diuretic or vasorelaxant activity, compounds of the present invention may also be employed as 
intermediates in the synthesis of such useful compounds. Alternatively, by appropriate 

1 0 selection, compounds of the present invention whose activity levels are reduced or eliminated 
entirely can serve to modulate the activity of other diuretic, natriuretic or vasorelaxant 
compoimds, including compounds outside the scope of the present invention, by, for example, 
binding to alternate receptors, stimulating receptor turnover, or providing alternate substrates 
25 for degradative enzyme or receptor activity and thus inhibiting these enzjmies or receptors. 

15 When employed in this manner, such compounds may be delivered as admixtures with other 
active compounds or may be delivered separately, for example, in their own carriers. 

Compounds of the present invention may also be used for preparing antisera for use in 

30 

immunoassays employing labeled reagents, usually antibodies. Conveniently, the 
polypeptides can be conjugated to an antigenicity-conferring carrier, if necessary, by means of 
20 dialdehydes, carbodiimide or using commercially-available linkers. These compounds and 
35 immunologic reagents may be labeled with a variety of labels such as chromophores; 

fluorophores such as, e.g., fluorescein or rhodamine; radioisotopes such as "'I, ^'S, **C, or ^H; 
or magnetized particles, by means well known in the art. 

These labeled compounds and reagents, or labeled reagents capable of recognizing and 

40 

25 specifically binding to them, can find use as, e.g., diagnostic reagents. Samples derived from 
biological specimens may be assayed for the presence or amount of substances having a 
conunon antigenic determinant with compounds of the present invention. In addition, 
monoclonal antibodies may be prepared by methods known in the art, which antibodies can 
fmd therapeutic use, e.g., to neutralize overproduction of immunologically-related compounds 
30 in vivo. 
50 Synthesis 
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Compounds within the scope of the present invention may be synthesized chemically 
by means well known in the art. One example of such a scheme may be generally depicted as 


Rfi resin ^ ^R^ resin 



resin 


where the starting material is attached to a resin and the compound is constructed by the 
successive addition of various building blocks. Alternatively, the resin may be attached to a 
starting material that will end up in a more central location of the desired compound; and 
through the use of commonly-known protecting groups, the compound may be extended in 
multiple directions. 
Examples 

Purification methods: 

SPE = solid phase extraction; 

ppt ~ precipitation from ether; 

HPLC = preparative HPLC. 

HPLC methods: 

(a) 20% to 80% ACN in 25 min. Monitored at 254 nm; 
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(b) 20% to 80% ACN in 25 min. Monitored at 210 nm; 

(c) 10% to 60% ACN in 10 min. Monitored at 210 nm and 254 nm; 

(d) 20-80% ACN/HjO (both w/ 0.1% TFA) over 20 min hold 80% ACN for 5 min,; 

(e) 10-50% ACN/HjO/0. 1%TFA over 30 min on a Dynamax C,g, 60 A. 4.6 mm x 300 
mm colimm at 210 nm and 254nm; 

(f) 4.6 mm x 25 cm Vydac C„ Peplide/Protein Column (5 mm) 30-70% CH3CN/H2O 
(+0.1% CFjCOjH) over 20 min. 1.5 mUmin, T=35 °C; I = 220 nm; 

(g) 4.6 mm x 25 cm Vydac C,, Peptide/Protein Column (5 mm) 30-60% CH3CN/H2O 
(+0. 1 % CF3CO2H) over 1 0 min. 1 .5 mL/min, T=35 **C; 1 = 220 nm; 

(h) 4.6 mm x 5 cm Varian Microsorb Column (3 mm) 30-60% CHjCN/H^O (+0.1% 
CFjCO^H) over 8 min, 1 .0 mL/min, T=35 **C; 1 = 220 nm; 

(i) 4.6 mm x 5 cm Varian Microsorb Column (3 mm) 5-80% CHjCN/HjO (+0.1% 
CFjCOjH) over 12 min. 1 .0 mL/min, T-35 "^C; I = 220 nm; 

(j) 4.6 mm x 5 cm Varian Microsorb Column (3 mm) 10-90% CHjCN/HjO (+0.1% 
CFjCOiH) over 10 min. 1 .0 mL/min, T=35 "C; I = 220 nm; 

(k) Preparative Method: Using a Waters LC 4000 HPLC system with Waters 991 PDA 
detector. Column: Dynamax 25 mm id. x 20cm 300 A column No. C,g-83-223-C with Guard 
column using a water + 0.1% [v/v] trifluoroacetic acid /acetonitrile + 0.1% [v/v]trifluoroacetic 
acid gradient at a flow rate of 12 mL/min. 1"=220 run; 

(1) Using a Waters LC 4000 HPLC system with Waters 991 PDA detector. Cotunm: 
YMC 4.6 mm x 250mm ODS-A S-5 C,a 120 A column spherical particle-5m using a 20 to 
70% water + 0.1% [v/v] trifluoroacetic acid /acetonitrile + 0.1% [v/v]trifluoroacetic acid 
gradient over 20 min. at a flow rate of 1 .4ml/min. 1=220 nm; 

(m) Using a Waters LC 600E HPLC system with Waters tunable-absorbance UV 
detector. Column: Vydac 218TP54 4.6 mm x 250mm C„ with guard column 300 A column 5 
^m particle size using a 10 to 50% water +0.1% [v/v] trifluoroacetic acid /ACN + 0.1% 
[v/v]trifluoroacetic acid gradient over 30 min. at a flow rate of 1 .Sml/min. 1=220 nm; 

(n) Dynamax C,« column, 25 cm x 4.6 mm, 60A, 8 nm, 1 .5 mL/min, 20%-60% ACN/ 
H2O (0.1%TFA) over 20 min, 21 5 nm and 254 nm; 

(o) Dynamax C,, column, 5 cm x 4.6 mm, 100 A, 3 ^m, 1 mL/min, 20%-60% 
ACN/H3O (0. 1 %TFA) over 7.5 min, 21 5 ran and 254 nm. 
Central Ring Intermediate Examples ; 
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Synthesis of N-fluorenylmethyloxycarbonyl-N-Me-D-freidingerlactani-Lr 
isoleucine. 

Loading of N-fluorenylmethyloxycarbonylfreidingerlactam-L-isoleuicine to 2- 
chlorotritylchloride resin, 1% DVB. The 2-chlorotritylchloride resin (25g) was swelled in 
CHXlj (300 mL) and drained. DIPHA (12.5 mL) was dissolved in 175 mL dry CHjCl, and 
added to the swelled resin. The N-fluorenylmethyloxycarbonylfireidingerlactam-L-isoleucine 
(1 l.82g) was dissolved in 175 mL of dry CHjClj, followed by 12.5 mL DIPEA with vigorous 
stirring. This was added to the resin and reaction was shaken on a mechanical shaker for three 
hours. The resin was filtered, washed 500 mL 17:2:1 CH2Cl2:MeOH:DIPEA, and CH2CI2 
(8X). The recovered filtrates were combined washed 2X IN HCl, stripped to an off white 
solid, weight recovered starting material 1.98g (17%). 

2-Nitrobenzenesulfonamide protection. The resin was swelled in DMF and 20% 
piperidine/DMF was added (200 mL) and Nj was bubbled through for 20 minutes. The resin 
was filtered and the deprotection repeated. Resin was washed 8X DMF, Kaiser test, strong 
positive. The lesin was washed 8X dry THF. A solution of 24 mL DIPEA in 500 mL dry 
THE was added to the resin, followed by portion-wise addition of 20.32 g 2- 
nitrobenzenesulfonyl chloride dissolved/diluted to 92 mL with CHjClj. The resin was shaken 
for 4 hrs when the cocktail was filtered and resin washed 8X THF, Kaiser test negative. 

Mitsnnoba. To the THF-swelled resin was added 30.05 g triphenylphosphine 
dissolved/diluted to 57 mL in dry THF, followed by a solution of 9.3 mL dry MeOH in 375 
mL dry THF. Diethylazodlcarboxy late (DEAD) ( 1 8.0 mL) was dissolved/diluted to 1 1 4 mL 
with dry THF and added to the resin. After shaking the reaction for 1 .5 hrs the cocktail was 
filtered and the resin washed 8X THF, 8X CH2CI2, 8X EtaO. dried over and stored tmder 
refrigeration over night. 

Sulfonamide cleavage. The resin was swelled in DMF and 250 mL of a 1 M (66.1 g 
diluted to 500 mL with DMF) solution of benzenethiol sodium salt in DMF was added and 
shaken for I hr. The resin was drained, washed 8X DMF and the remaining 250 mL of the 1 
M solution was added and shaken for an additional hour. The resin was filtered and washed 
3X DMF, 3X MeOH, 3X DMF, 3X MeOH, 8X CHjClj, Npit test positive. 

Fmoc protection. To the CHjCK swelled resin was added a solution of 12 mL DIPEA 
in 1 50 mL dry CHjClj. Fmoc-Cl (23.73 g) was dissolved in 1 50 mL dry CHjClj followed by 
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12 mL DIPEA. This was added to the resin and reaction shaken for three hours. The resin 
was filtered and washed 8X CHXI^, Npit Test, negative. 

Cleavage of N-fluorenylmethyloxycarbonyl-N-Me-D-freidingerlactam-L.- 
10 isoleucine from the resin. A 1% TFA/CHjClj solution (250 mL) was £idded to the resin and 

5 shaken for 20 minutes and drained into a round-bottom flask, this was repeated again with 250 
mL fresh 1 % TFA/ CHjClj for 25 minutes and collected. The organics were striped, leaving a 
light brown solid which was placed under vacuum overnight. Weight of material 10.80 g 
(quantitative yields, based on loaded starting material) APCI-MS: M+1 , 45 1 (20%); M- 1 8, 
433 (50%); M-46, 405 (50%); M-222, 229 (100%) 'H NMR (ds-DMSO/TFA shake, 300 
10 MHz) 5 0.839 (m, 3H, CH3) 6 0.941 (m, 3H, CH3) 5 1.033-1.127 (m, IH, CH^) 5 1.374 (m, 
2^ IH, CH) 5 1-985 (m. 2H, CH^) 6 2.219 (m, IH, CH^) 5 2.702 (s, 3H. CH3) 6 3.345-3.430 (m. 

2H, CH2) 6 4.263-4.424 (m. 4H, 2CH, CH^) 6 4.680-4.794 (m. IH. CH) S 7.354 (t, 2H, CH. 
J=7.2) S 7.434 (t, 2H, CH, J= 7.4) 6 7.668 (d, 2H, CH, J=7.2) 5 7.893 (d, 2H, CH, J= 7.5) 
25 Synthesis of N-Fluoreny Imethy loxycarbonyl-D-freidingcriactam-L^isoleucine 

1 5 t-Boc-D-metfaionine-L-isoleucine methyl ester. Boc-[>-methionine (24.2 g, 97.2 mmol), L- 
isoleucine methyl ester hydrochloride (17.7 97.2 mmol), hydroxybenztriazole hydrate (16.3 
g, 1 17 mmol), l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (22.5 g, 1 17 

30 

mmol) and diisoproplylethylamine (35mL 200 mmol) were dissolved in DMF (300 mL). The 

reaction was stirred imder nitrogen for 16 hours, then it was diluted with water (1000 mL) and 
20 extracted with ethyl acetate (2 x 250 mL). The combined organics were washed with IM HCl 
35 (1 00 mL), water (2 x 100 mL), saturated aqueous sodium bicarbonate (1 00 mL) and brine 

(100 mL). The organics were dried with magnesium sulfate and concentrated by rotary 

evaporation. The resulting oil was diluted with ether (25 mL) and seeded with crystals. The 
^ product was allowed to crystallize for 30 minutes then collected by vacuum filtration, then 

25 washed with a 1 to 5 ether/hexanes mixture (100 mL). A second crop of crystalline product 

was recovered from the mother liquors. It was washed with a 1 to 1 0 ether/hexanes mixture. 

The second crop was determined by HPLC to be of sufficient quality to combine with the 
^ first. The combined product was dried in vacuo for 30 minutes at 50 ®C to yield 25.3 g white 

solid (89%). 

30 Boc-D-freidingerlactam-L-isolcucene methyl ester. t-Boc-I>methionine-L-isoleucine 

methyl ester (25.3 g, 67.2 mmol) was dissolved in dry methylene chloride (250 mL) under 
nitrogen and chilled in an ice bath. Trimethyloxonium tctrafluoroborate (9.94 g, 67.2 mmol) 
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was added in one portion. The ice bath was removed and the reaction was allowed to react for 
3 hours. HPLC analysis of an aliquot showed there was no remaining starting material. Dry, 
powdered potassium carbonate (27.9 g, 202 mmol) was added and the reaction was stirred 
10 vigorously with an overhead stirrer and refluxed for 1 6 hours. HPLC analysis of an aliquot 

5 showed there was no remaining intermediate. The reaction was diluted with methylene 
chloride (400 mL) and washed with water (5 x 500 mL) then brine (200 mL). The organics 
were dried with magnesium sul&te and rotary evaporated to a white solid. The residue was 
dissolved in refluxing methylene chloride (25 mL)» and precipitated by addition of hexancs 
(300 mL). The solids were collected by vacuum filtration and washed with hexanes (100 mL). 
1 0 A second crop of solids was obtained from the mother liquor and washed with hexanes (50 
mL). The second crop was determined by HPLC to be of suflicient quality to combine with 
the first. The combined produa was dried in vacuo at 50 °C for 30 minutes to yield 17.0 g 
white solid (77%). 

23 Boc-D-freidingerlactam-L-isoluecene. Boc-D-freidingerlactam-L-isoleucene methyl 

1 5 ester (1 5.6 g» 47.5 mmol) was dissolved in THF (60 mL) and methanol (60 mL). Lithium 
hydroxide (4.2 g, 100 mmol) dissolved in water (60 mL) was added. After one hour, TLC 
analysis showed no remaining starting material. All the solvent was removed by rotary 

30 

evaporation. The resulting white solid was dissolved in water (300 mL), washed with 
methylene chloride (50 mL), and acidified with IM HCl (105 mL). A white precipitate 
20 formed. It was extracted from the aqueous phase with ethyl acetate (70O mL), washed with 
35 brine (50 mL), dried with magnesium sulfate, and concentrated to a white solid (1 1 .4 g) by 

rotary evaporation. HLPC analysis showed 17% epimerization. The single diastereomer was 
obtained by refluxing the solid in ethyl acetate (125 mL), allowing it to stand at room 
temperature for one hour, collecting the solid by vacuum filtration and drying in vacuo at 50 

40 

25 °C for 30 minutes. The resulting white solid (8.9 g, 60%) was determined to be the pure single 
diastereomer by HPLC and the correct product by 'H NMR. 

N-Fluorenylmethyloxycarbonyl-D-freidingerlactam-L-isoleucine. Boc-D- 
freidingerlactam-L-isoluecene (8.86 g, 28.2 mmol) was suspended in methylene chloride and 
trifluoroacetic acid (30 mL) was added. After 1 .5 hours the volatiles were removed by rotary 
30 evaporation. Methylene chloride (2 x 50 mL) was added and evaporated to rid remaining 
^ TFA. The residue was cooled in an ice bath and dioxane (42ml) and 10% aqueous sodium 

carbonate (71ml) were added. FMOC chloride (8.8 g, 33.9 nmiol) was added to the resulting 
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solution in four portions. After 1 8 hours the reaction was diluted with water until a clear 
solution was obtained (400 mL total volume). This was washed with ether (50 mL), and the 
aqueous phase was acidified with IM HCl to pH = 3. The aqueous layer was extracted with 
10 methylene chloride (4 x 100 mL). The combined methylene chloride extracts were washed 

5 with brine (50 mL) and dried with magnesium sulfate. The solvent was removed by rotary 
evaporation to give a white foam. This was dissolved in n-butyl acetate (300 mL)« and 
CTystallized by addition of hexanes (200 mL). The white solid was collected by vacuum 

15 

filtration and dried in vacuo 50 *^ for 30 minutes (9.36 g, 76%). 

Synthesis of N-flnorenyimefhyloxycarfoonylpyridone-DJL-isoIeucme. A solution of 
1 0 isoleucine /-butyl ester hydrochloride ( 1 6.7 g) in EtOH (48 mL) was added to a solution of 
2^ diethyl 3-ethoxyallylidenemaJonate (18.0 g) in EtOH (100 mL) followed by 

diisopropylethylamine (19.4 mL). After 2 h, NaOEt in EtOH (55.5 mL of a 21 wt.% solution) 
was added. After 2.5 h, H3O (70 mL) was added to the reaction. The reaction solution was 
25 acidified to pH = 5 by the addition of 1 N HCl 1 5 h later. The ethanol was removed from the 

1 5 reaction under reduced pressure and the residue was partitioned between 1 N HCl (300 mL) 
and CHCl;, (300 mL). The organic layer was dried with Na2S04, filtered through celite and 
concentrated to a viscous oil. The material was purified by silica gel flash chromatography (6 
cm X 25 cm) using a gradient from 20 to 100% EtOAc in hexane. The product (a 3- 
carboxypyridone)(l 3.9 g) was obtained as an oil {Rf - 0.4 in 30% EtOAc in hexane). 
20 Diphenylphosphorylazide (1 1 .2 mL) and triethylamine (7.5 mL) were added to a solution of 
35 the substituted 3-caiboxypyridone (1 3.8 g) in dioxane (100 mL). After heating to 100 X for 1 

h, benzyl alcohol (5.2 mL) was added and the reaction mixture was continually heated at 100 
°C for 1 6h. The reaction was cooled to room lemperaiure, Ihe solvent was removed under 
reduced pressure and the obtained residue was partitioned between EtOAc (300 mL) and 1 : 1 

40 

25 IN HCl and sat. NaCl solution (200 mL). The organic layer was washed with 1 : 1 IN HCl and 
sat. NaCl solution (200 mL). The organic layer was dried with Na2S04, filtered through celite 
and concentrated. The material was purified by silica gel flash chromatography (5 cm x 30 
cm) using a gradient from 10 to 50% EtOAc in hexane. The benzyloxycarbonyl iS^protected 
product obtained (15.2 g; = 0.7 in 30% EtOAc in hexane) was dissolved in EtOH (150 mL) 

30 and 1 0% Pd-C (3 g) was added. The reaction mixture was kept under H^ (45 psi) for 5 h. The 
^ reaction solution was filtered through celite and the filtrate was concentrated giving the 

corresponding 3-aminopyridone (9.9 g). 9-Fluorenylmethyl chloroformate(l 1.0 g) was added 
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in small batches over the course of 1 h to a cooled solution (4 ^C) of the 3-aminopyridone (9.9 
g) in 10% aqueous NajCO, (89 mL) and dioxane (53 mL). The reaction was allowed to warm 
to room temperature over 1 h. The solvents were removed under reduced pressure and the 
10 residue was partitioned between EtOAc (300 niL) and IN HCl (200 mL). The organic layer 

5 was washed with 1 N HCl (1 00 mL). The combined aqueous washings were extracted with 
EtOAc (40 mL). The combined organic exuacts were dried with Na2S04, filtered through 
celite and concentrated- The material was loaded on a silica gel flash column (5 x 20 cm) and 
the product was eluted off using a gradient of 10 to 30% EtOAc in hexane. The FMOC- 
protected product (1 5.4 g; Rf = 0.75 in 30% EtOAc in hexane) was obtained as an off-white 
10 foam. The FMOC-aminopyridone (15.3 g) was dissolved in 3:1 CH^Clj in TFA (100 mL). 
After 1 4 h the solvents were removed under reduced pressure. The residue was concentrated 
from EtjO (3 x 20 mL) to give the product (N-fluorenylmethyloxycarbonyl pyridone* 
isoleucine) (13.6 g) as a foam. 
2^ Synthesis of N-fluorenylmethyloxycarbonylimidazole-b-isoleucine. A solution of 

1 5 L-isolcucine-0-/-butyl ester hydrochloride (7. 1 0 g) and NaHCO, (2,80 g) in MeOH (1 50 mL) 
and H2O (80 mL) were added to 1 Adiniu-oimidazole (5.0 g) at 0 °C. After 4.5 h the McOH 
was removed under reduced pressure and the remaining solution was partitioned between 

30 

EtOAc (300 mL) and IN HCl (200 mL). The organic layer was washed with IN HCl (200 mL 
X 2), dried with Na2S04, filtered through celite and concentrated. The residue was purified by 
20 silica gel flash chromatography (6 x 23 cm) using a gradient from 20 to 67% EtOAc in hexane 
35 to afford the mononitroimidazole product (8.17 g; RfOf 0.33 in 30% EtOAc in hexane). The 

obtained material and 10% Pd-C (1 .4 g) were reacted in EtOH (135 mL) under 47 psi Hj for 2 
h. The reaction mixture was filtered through celite and the filtrate was concentrated under 
reduced pressure. The amino-imidazole product (7.05 g) was dissolved in 10% NajCO, (aq) 

40 

25 (70 mL) and dioxane (42 mL) and the solution was cooled in an ice-water bath. Then, 9- 
fluorcnylmcthyl chloroformate (7.93 g) was added in small portions over the course of 35 
min. The ice bath was removed and the reaction was continued for another 3 h. The reaction 
45 mixture was partitioned between 250 mL EtOAc and 350 mL IN HCl. The organic layer was 

washed with IN HCl (200 mL x 2), dried with Na^SO^, filtered through celite and 
30 concentrated. The residue was applied to a silica gel flash column (6 x 23 cm). The product 
^ (5.07 g; Rf = 0.5 in 50% EtOAc/hexane) was eluted off the colimm using a gradient of 20 to 

67% EtOAc in hexane. The FMOC-amino compound (5.07 g) was dissolved in 3: 1 
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CHjCljcTFA. After 16 h the solvents were removed under reduced pressure. The viscous oil 
was concentrated from EtjO (30 mL x 3) until a foam resulted. 

Synthesis of N*benzyloiycarbonyI-D-fr«idingerlactaiii-Lrisoleucme 


Aldehyde i (2.18 g, 5.16 mmol) and L-isoleucine methyl ester hydrochloride (1.09 g, 
6.0mmol, 1.2 eq) were dissolved in 30 mL methanol. Sodium cyanobopohydride (0.95 g, 15 
nmiol) was added and the mixture was stirred for 2 hours, then diluted with 1 50 mL ethyl 
acetate and washed with aqueous 1 0% sodium carbonate, water and brine. The organics were 
dried with anhydrous magnesium sulfate and the volatiles were removed by rotary 
evaporation. Colunm chromatography on silica gei using 25% ethyl acetate in hexanes 
afTorded 1 .45 g (Sl%) of intermediate u as a colorless oil. A portion (0.75 g, 1 .36 mmol) of 
intermediate ii was dissolved in 10 mL methylene chloride and 10 mL trifluoroacetic acid was 
added. After 2 hours the volatiles were removed by rotary evaporation, and the residue was 
dissolved in 25 mL dry THF to which was added DIEA (LI mL, 4.5 eq), HOBT (0.42 g, 2.2 
eq), and EDC (0.58 g, 2.2 eq). The reaction was stirred under nitrogen. atmosphere for 16 
hours, then diluted with ethyl acetate and washed with water and brine. Colunm 
chromatography on silica gel with a gradient of ethyl acetate in methylene chloride afforded 
0.35 g (69%) of intermediate iii. All of intermediate Ui was dissolved in 30 mL ethanoL and 
hydrogenated for 3 hours on a Parr shaker with 50 psi hydrogen and Pearlman^s catalyst. 
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R^R^-R^-CH.CO,H Intermediate Examniea 




OMe 


vi 


V 


4-(2-Naphthaloylaiiiido)phenylacetic add 

p-Aminophenylacetic acid (5.0 g, 33.07 mmol) was dissolved in MeOH (50 mL) and 
placed in an ice water bath followed by drop-wise addition of H2SO4 (4 mL). After stilling for 
1 0 min, the dark colored reaction mixture was heated to 60 °C for one hour. The reaction was 
allowed to cool to room temperature and while stirring the mixture was slowly quenched by 
addition of NaHCOj (sat. 100 mL). The reaction mixture was washed with ether (3 x 200 
mL). The combined organics were washed with water and brine, then dried (MgSOJ, and 
evaporated imder vacuum to provide 4.26 g (76%) of the dark crude methyl ester iv that was 
used directly in the next step. The crude methyl ester (4.26 g, 25.81 mmol) was dissolved in 
CHjClj (50 mL) and Et^N (3.96 mL) was added. 2-Naphthoyl chloride (4.92 g, 25.81 mmol) 
dissolved in CHjCl, (5 mL) was added dropHwise and reaction allowed to stir for 2 hours 
under N^. The reaction was quenched with NaHCOj ( 1 00 mL) and washed with CHjCIj (3 x 
1 50 mL). The organics were combined and washed with brine, dried (MgS04), and evaporated 
under vacuum. The material was precipitated with Et^O, filtered and washed with EtjO 
several times and dried in an vacuum oven at 50 °C to provide 6.86 g (83%) of amide v as an 
off-white solid that was used directly in the next step. The crude off-white solid (6.3 g, 19.7 
mmol) was dissolved in THF (253 mL) and MeOH (63 mL). Next, LiOH.HjO (1 .66 g) 
dissolved in water (63 mL) was added drop-wise. The reaction mixture was stirred for 30 min 
and reaction adjusted to pH 2 with IN HCl. Reaction mixture was washed with EtOAc (3 x 
300 mL). The combined organics were washed with brine, dried (MgSO^), and evaporated 
under vacuum. The crude material was precipitated with EtjO, filtered and washed with EtjO 
several times and dried in an vacuum oven at 50 °C to provide 5.75 g (95.7%) of a pale white 
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soiid vi that was used for peptide N-capping. 'H NMR (DMSCMJ 5 10.42 (s, IH), 8.58 (s, 
1 H), 8. 1 1 -8.00 (m, 4H), 7.75 (d. J = 8.4 Hz, 2H), 7.67-7.60 (m, 2H), 7.25 (d. J = 8.4 Hz. 2H), 
3.55 (s, 2H). 

4-(Allylacetate)phenylacetic acid 

o 


vii viii 



ix 


4-(Bromomethyl)phenylacetic acid (20.0 g, 87.3 mmol) was stirred in anhydrous 
CH2CI2 (200 mL) under and cooled in an ice-water bath. DMF (cat, 0.4 mL, 0.25 eq) was 
added followed by drop-wise addition of oxalyl chloride (9. 1 mL) to the stirring cooled 
solution and the 4-(brDinomethyl)phenylacetic acid began to slowly dissolve. ARer 2 hours, 
the solvent and excess oxalyl chloride was removed iinder vacuum at 50 °C and the crude acid 
chloride was chased with anhydrous toluene (2x 10 mL). In a separate 3-neck flask with a 
condenser charged with t-BuOH (500 mL, Aldrich distilled), the t-BuOH was purged with a 
stream of while stirring under N, for 15 min. The t-BuOH was heated to 55 °C and DIPEA 
(22.8 mL) was added followed by addition of the crude acid chloride dissolved in CH2CI2 
(100 mL). After 30 min, the excess t-BuOH was evaporated under vacuum at 60 and the 
salts were precipitated vnth EtjO, filtered, washed with EtjO, and discarded. The Et^O mother 
liquors were combined and concentrated. Silica gel flash chromatography of the crude 
product (5% ethyl acetate-hexane) provided 1 7.2 g ( 69%) of the t-butyl ester yii as a clear and 
colorless oil. 'H NMR (CDCI3) 5 7.3 (d, 7 = 8.3 Hz, 2H), 7.2 (d, J= 8.3 Hz, 2H), 4.5 (s, 2H), 
3.5 (s, 2H), 1 .3 (s, 9H). Mass spectroscopy did not provide any interpretable peaks or 
fragments. 

t-Butyl ester vH (17.2 g, 60.35 mmol) was dissolved in DMSO (120 mL) and NaNO, 
(16.66 g, 4 eq.) was added in one portion followed by addition of CHjCOjH (34.55 mL, 10.0 
eq.). A condenser was connected to the flask and the stirred mixture was heated to 35 
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overnight The reaction was cooled to room temperature and quenched with water (200 mL) 
and allowed to stir for 15 min. The mixture was washed with EtjO ( 3 x 150 mL). The Etfi 
layers were combined, washed with brine, then with NaHCO, (sat.) (2 x 100 mL). The 
NaHCOj layers were combined and acidified lo pH = 4 with slow addition of concentrated 
HCl. The acidic aqueous layer was washed with CHjClj (3 x 150 mL), the organics were 
combined and washed with brine, dried (MgS04), and concentrated to provide viii (8.2 g, 
60%) as a white solid. NMR (DMSO-d^) 5 7.9 (d. 7= 8.4 Hz, 2H), 7.3 (d, J= 8.4 Hz, 2H), 
3.6 (s, 2H), 1 .4 (s, 9H). Mass spectroscopy did not provide any intetpretable peaks or 
fragmentation's. 

The benzoic acid derivative vm (7.57 g, 32.07 mmol) was dissolved in DMF (100 mL) 
and KjCOj (4.4 g, 32.07 mmol) was added as a solid and the mixture was stirred under for 
1 5 min followed by addition of allyl bromide (2.9 mL 1 .05 eq). After 2 hours, the reaction 
was added to ethyl acetate and washed with water (1 50 mL) and brine (5 x 200 mL). The 
organic layer was dried (MgS04), and concentrated. Silica gel chromatography (5% ethyl 
acetate in hexane) of the crude oil provided u as a colorless and clear oil (7.5 g, 85%). *H 
NMR (DMSO-d^) 6 7.9 (d. 7- 8.4 Hz, 2H), 7.4 (d, 8.1 Hz, 2H), 6.0 (m, IH), 5.4(dd,y = 3 
Hz, J= 17.2 Hz, IH), 5.2 (dd, J= 3 Hz, J= 10.5 Hz, IH) 4.8 (d, J= 5.4 Hz, 2H), 3.7 (s, 2H), 
1 .4 (s, 9H). Mass spectroscopy provided fragmentation of 221 indicating lose of the t-butyl 
group (-57). 

Compound ii (7.5 g, 27.1 7 mmol) was dissolved in CHjCl^ (200 mL) and TFA (63 
mL) dissolved in CH2CI2 (100 mL) was added drop-wise to the stiiring solution. After 4 
hours, the solvent was removed under vacuum. Silica gel flash chromatography of the crude 
product ( 5% MeOH/ CHjCl^ ) provided x as a white solid (5.9 g, 95%). 'H NMR (DMSO-d^) 
S 7.9 (d, J = 8.4 Hz, 2H), 7.4 (d, J = 8.1 Hz, 2H), 6.0 (m, IH), 5.4(dd, J= 3 Hz, J= 17 Hz, 
IH), 5.2 (dd. 3.0, Hz, 7= 10.5 Hz, IH) 4.8 (d, J= 5.1 Hz, 2H), 3.7 (s, 2H). MS 220.3 
(M*), 163.2 (-57) 

N-(2-aaphthoyI)-3-amuiophenylacetic acid and N-(l-naphthoyl)-3- 
aminophenylacetic acid. 

Methyl 3-aminophenylacetate. 3-Aminophenylacetic acid (3.8 g, 25 mmol) was 
dissolved in methanol (50 mL) and sulfuric acid (2 mL, 36 mmol). After the reaction was 
stirred for 8 hours the solvents were removed by rotary evaporation. The residue was 
partitioned between ethyl acetate (100 mL) and 1 0% sodium carbonate (50 mL). The organic 
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phase was washed with brine (30 mL) and dried over magnesium sul&te. The solvent was 
removed by rotary evaporation to afford methyl 3*aminophenylacetate (4.0 g, 96%) as a 
yellow oil. 

10 N-(2-Naphthoyl>-3-aminophenylacetic acid. A portion of the methyl 3- 

5 aminophenyjacetate (1 .65 g, 1 0 mmol) was dissolved in methylene chloride (50 mL). DIEA 
(3.5 mL, 20 mmol) then 2-naphthoyl chloride (2.0 g, 10.5 mmol) dissolved in methylene 
chloride (10 mL) were added to the resulting solution. After 16 hours the reaction was diluted 
with ethyl acetate (1 00 mL) and washed with water (50 mL), saturated anunonium chloride 
(50 mL), and brine (50 mL). The organics were dried over magnesium sulfate and the solvent 
1 0 was removed by rotary evaporation. The resulting solid was recrystallized from refluxing 

2^ ethyl acetate. Methyl N-(2-naphthoyl)-3-aminophenylacetate (2. 1 g, 66%) was obtained as an 

off-Mliite solid. This was dissolved in methanol (20 mL) and THF (20 mL). A solution of 
lithium hydroxide (0.84 g, 20 mmol) dissolved in water (15 mL) was added and the reaction 

22 was allowed to stir for 4 hours. The solvent was removed by rotary evaporation. The resulting 

1 5 solid was dissolved in water and washed with ethyl acetate (30 mL). The aqueous phase was 
acidified to pH = 3 with IM HCI and extracted with ethyl acetate. The organics were washed 
with brine and dried over magnesium sulfate. The solvent was removed by rotary evaporation. 
The resulting solid was reciystallized from refluxing ethyl acetate to afford pure N-(2- 
naphthoyl)-3-aminophenylacetic acid (1.4 g, 70%) as a ^^te solid. 
20 N-(l-Naphthoyl)-3-aminophenylacetic acid. A second portion of methyl 3- 

35 aminophenylacetate (1 .65 g» 10 mmol) was dissolved in methylene chloride (50 mL). DIEA 

(3.5 mL, 20 mmol) then 1-naphthoyl chloride (2.0 g, 10.5 mmol) dissolved in methylene 
chloride (10 mL) was added to the resulting solution. After 16 hours the solvent was removed 
by rotary evaporation. The resulting solid was dissolved in ethyl acetate (1 00 mL) and 

40 

25 methylene chloride (25 mL) and washed with water (50 mL), saturated ammonium chloride 
(50 mL) and brine (50 mL). The organic layer was dried over magnesitmi sul&te and the 
solvent was removed by rotary ev£q>oration. The resulting solid was recrystallized frt>m 
45 refluxing ethyl acetate. Methyl N-(l -naphthoyl)-3 -aminophenylacetate (2.2 g, 69%) was 

obtained as a white solid. This was dissolved in methanol (20 mL) and THF (20 mL). A 
30 solution of lithiiun hydroxide (0.76 g, 1 8 mmol) was added to the solution and the reaction 
^ was allowed to stir for 5 hours. The solvent was removed by rotary evaporation. The resulting 

solid was dissolved in water (100 mL) and washed with ethyl acetate (30 mL). The aqueous 
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phase was acidified to pH « 3 with 1 M HCI and extracted with ethyl acetate. The organics 
were washed with brine and dried over magnesium sulfate. The solvent was removed by 
rotary evaporation. The resulting solid was recrystallized from refluxing ethyl acetate to 
10 afford pure N-(l -nflphthoyl)-3-aminophenylacetic acid (1 .4 g, 68%) as a white solid. 

5 N-(2-Naphthoyl)-2-aminophenylacetic acid and N-(l-naphthoyI)-2- 

aminophenylactic acid. 

Methyl 2-ammophenylacctaee. 2-Nitrophenylacetic acid (5.4 30 mmol) was 

15 

dissolved in methanol (50 mL). Sulfuric acid (1.7 mL, 30 mmol) was added and the reaction 
was stirred for 16 hours. The solvent was removed by rotary evaporation. The resulting oil 
1 0 was dissolved in ethyl acetate ( 1 00 mL) and washed with 1 0% sodium carbonate (50 mL), 
brine (50 mL). The organic layer was dried over magnesium sulfate and the solvent was 
removed to give the methyl ester as a yellow oil (5.2 g, 89%). TTiis was dissolved in methanol 
(100 mL) and Pearlman's catalyst (50 mg) was added. This was hydrogenated imder 50 psi 
25 hydrogen for 3 hours. 'I'he catalyst was removed by vacuum filtration through a pad of celite. 

1 5 The solvent was removed by rotary evaporation to give methyl 2-aminophenylacetate (4.4 g, 
99%) as a colorless oil. 

N-(2-Naphthoyl)-2-aminophenylacetic acid. Methyl 2-aminophenylacetate (L6 g, 10 
mmol) was dissolved in methylene chloride (50 mL) and DIEA (3.5 mL, 20 mmol), then 2- 
naphthoyl chloride (2.0 g, 10.5 mmol) dissolved in methylene chloride (10 mL) were added. 
20 After 1 6 hours the reaction was diluted with ethyl acetate (1 00 mL) and washed with saturated 
35 ammonium chloride (50 mL) and brine (50 mL). The organic layer was dried over magnesium 

sulfate, and the solvent was removed by rotary evaporation. The crude product was 
chromatographed on silica gel with methylene chloride to give pure methyl N-(2-naphthoyl)- 
2'aminophenylacetate (2.3 g, 72%) as a yellow oil that ciystallized on standing. This was 

40 

25 dissolved in methanol (20 mL) and THF (20 mL) and a solution of lithium hydroxide (0.92 g, 
22 mmol) in water (20 mL) was added and stirred for 4 hours. The solvent was removed by 
rotary evaporation. The resulting solid was dissolved in water (100 mL) and washed with 
ethyl acetate (3 x 20 mL). The aqueous phase was acidified to pH = 3 with 1 M HCI, and 
extracted with ethyl acetate. The organics were washed with brine and dried over magnesium 

30 sulfate. The solvent was removed by rotary evaporation. The resulting solid was recrystallized 
^ from refluxing ethyl acetate to afford pure N-(2-naphthoyl)-2-aminophenylacetic acid (1 . 1 5 g, 

52%) as a white solid. 


30 
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N-(l-Naphthoyl)-2-ainuiophenylactiG acid. A second pottion of methyl 2- 
aminophenylacetate (1.65 g, 10 mmol) was dissolve in methylene chloride (50 mL). DIEA 
(3.5niU 20 mmol) then 1-naphthoyl chloride (2.0 g, 10.5 mraol) in methylene chloride (10 
mL) was added to the solution. After 16 hours the solvent was removed by rotary evaporation. 
5 The residue was dissolved in ethyl acetate (100 mL), washed with water (50 mL), saturated 
anunonium chloride (50 mL), and brine (50 mL). The organic layer was dried over 
magnesium chloride. The product was recrystallized ftom refluxing ethyl acetate to give clean 
methyl N-(l-naphthoyl)-2-aminophenylacetate (2.0 g, 63%) as a pink solid. This was 
dissolved in methanol (10 mL) and THF (10 mL) and a solution of lithium hydroxide (0.76 g, 
10 18 mmol) in water (15 mL) was added and stirred for 4 hours. The solvent was removed by 

20 

rotary evaporation. The resulting solid was dissolved in water (100 mL) and washed with 
ethyl acetate (30 mL). The aqueous phase was acidified to pH = 3 with IM HCl and extracted 
with ethyl acetate. The organics were washed with brine and dried over magnesitmi sulfate. 
25 The solvent was removed by rotary evaporatioiL The resulting solid was recrystallized from 

1 5 refluxing ethyl acetate to afford pure N-( 1 -naphthoyl)-2-aminophenylacetic acid (1 .36 g, 63%) 
as a white solid. 

N-(l-Naphthoyl)-4-aminophenylacetic acid. Methyl 4-aminaphenylacetate (1.6 g, 

30 

9.6 mmol) was dissolved in methylene chloride (100 mL). DIEA (3.5 mL, 20 mmol) then 1- 
naphthpyl chloride (1 .9 g, 10 mmol) dissolved in methylene chloride (10 mL) were added. 
20 After 4 hours the solvent was removed by rotary evaporation. The residue was dissolved in 

35 ethyl acetate (100 mL) and saturated ammonium chloride (50 mL). The organic phase was 

washed with 1 M HCl (20 mL), water (2 x 50 mL), and brine (50 mL) then dried over 
magnesium sulfate. The solvent was removed by rotary evaporation. The resulting brown 

^ solid was recrystallized from refluxing ethyl acetate (the mother liquors were diluted with 

25 ether) to afford methyl N-(l-naphthoyl)-4-aminophenylacetate (1 .9 g, 63%) as a white solid. 
This was dissolved in methanol (20 mL) and THF (20 mL) and a solution of lithiimi 
hydroxide (0.84 g, 20 nunol) dissolved in water (15 mL) was added and stirred for 16 hours. 
The solvent was removed by rotary evaporation. The solid was dissolved in water (1 000 mL) 
containing a small amount of sodium carbonate. This was washed with ethyl acetate. The 
30 aqueous phase was acidified with 1 M HCl and extracted with ethyl acetate (4 x 250 mL). The 
organics were washed with brine and dried over magnesium sulfate. The solvent was removed 
by rotary evaporation. The resulting solid was recrystallized from refluxing ethyl acetate 


55 


15 


20 


WO 00/61631 PCT/GBOO/01319 

-32- 

5 

(1 000 mL) to afford N-(l-naphthoyl)-4-ainiiiophenylacetic acid (1 .1 6 g, 67%) as a white 
solid. 

4-(9-Fluorenylmethoxycarbonylaniino)phenylacetic acid. A mechanically-stirred 
10 suspension of 4-aminophenylacetic acid (10.0 g, 66.2 inmol) in dioxane (100 mL) and 1 M 

5 aqueous sodium carbonate (165 mL) was cooled to 0 °C and 9-fluorenylmethyl chloroformate 
(20.54 g, 79-4 mmol) was added. The reaction mixture was allowed to warm to room 
temperature and was stirred for 16 h. The resulting suspension was acidified to pH = 2 by 
addition of 12 N hydrochloric acid and the solid product isolated by filtration. The aqueous 
filtrate was extracted with ethyl acetate (2 x 250 mL). The solid filter cake was dissolved in 
1 0 ethyl acetate ( 1 .5 L) and 0. 12 N hydrochloric acid (250 mL) and the phases separated. The 
ethyl acetate solutions were combined and concentrated in vacuo to afford an off white solid. 
This product was suspended in ethyl acetate (100 mL), isolated by filtration and dried to 
affordthetitlecompoundasawhitesolid(18.9g, 50.6 mmol, 76%). 'H NMR (CDCI3): 5 
25 12.28 (s, 1 H, CO3H); 9.69 (s. IH, NH); 7,91 (d. J = 7.2 Hz. 2H); 7.75 (d, J= 7.2 Hz, 2H); 

1 5 7.51-7.22 (m, 6H); 7. 15 (d, J = 8. 1 Hz); 4.48 (d, J= 6,6 Hz, 2H); 4.3 1 (t, J « 6.6 Hz, IH); 3,49 
(s, 2H). 

N-(E)-Cinnamyl-|5-alanine. P- Alanine methyl ester hydrochloride (2.79g) was 
stirred in a solution containing methanol (80 mL) and 0.5N sodium methoxide in methanol 
(40 mL). The volume was reduced and the reaction mixture was filtered to remove salts. To 
20 the filtrate trans-^innamaldehyde (2.5ml) was added. Upon stirring for 18 h the reaction was 
35 cooled to 0 and sodium borohydride ( 1 .89 g) was added portion-wise over 2.5 hours. The 

methanol was removed under reduced pressure and the residue was dissolved in methylene 
chloride. The organic solution was washed with aqueous sodium bicarbonate and brine then it 
was concentrated and dried completely on vacuum pump. The crude product was dissolved in 

40 

25 THF (50 mL) and a solution of di-t-butyl dicarbonate (17.46 g) and triethylamine (13.9 mL) 
in THF (60 mL) was added drop-wise. Upon stirring for 1 8 h the reaction was concentrated 
and the residue dissolved in ethyl acetate washed with water and brine; concentrated and 
^ puriHed by colimm chromatography to afford a yellow oil (2.55 g). Hydrolysis of the methyl 

ester was completed by stirring with sodium hydroxide (IN, 16 mL), water (1.1 mL) and 
30 mcthanol(50 mL) for 5 h. The solution was concentrated under reduced pressure and the 
QQ remaining aqueous layer was acidified. This was extracted with methylene chloride (3x50 

mL), concentrated and dried on vacuum pump to afford product, N-cinnamyl-P-alanine (2g). 
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Assembly Procedure A {componnds where R' terminates with -C(=O^NH^> 
4-(2-Quinoxaloylamido)phenylacetyl-3-(R)-amidoK2-oxopyrnilidine)-l-a-(l-L-(S)- 
^0 methyipropyl)acetyl-l^aspartyl-I>-argininyl-L*isoleucinylcarboxaDude (Procedure A, 

5 Method 1): 

Coupling of He. Rink amide resin (1 .5 g) was suspended in DMF (20 mL) and was 
gently agitated for 30 minutes. The solvent was drained from the resin, 20% (v/v) piperidine 
in DMF (20 mL) was added, and the suspension was gently agitated for 10 minutes. The 
piperidine solution was drained from the resin and the resin was washed with DMF (2 x 20 
1 0 mL). The piperidine treatment was repeated. Following the last DMF wash, the resin was 
suspended in DMF (5 mL) and N-fluorenylmethyloxycarbonyl-L-isoleucine (0.795 g), HATU 
(0.813 g) and IM N,N-diisopropylethylamine in DMF (4.3 mL) were added. The mixture was 
gently agitated for 3.S h. The reaction solution was drained from the resin and the resin was 
25 washed with DMF (4 x 20 mL). A Kaiser test indicated the presence of free amine, therefore 

1 S the resin was resuspended in DMF (5 mL) and N-fluorenylmethyloxycarbonyl-L-isoleucine 
(0.795 g), HATU (0.813 g) and IM N»N-dLisopropyIethylamine in DMF (4.3 mL) were added. 
The mixture was gently agitated for 2.25 h, the reaction solution was drained from the resin 
and the resin was washed with DMF (4 x 20 mL). The resin was treated with 20% (v/v) 
piperidine (20 mL) for 10 min, then was washed with DMF (2 x 20 mL). This treatment was 
20 repeated, and the resin was washed with additional DMF (2 x 20 mL). 
35 Coupling of D-Arg. The resin was suspended in DMF (5 mL) and N- 

fluorenylmethyloxycarbonyl-D-Arg(PbO-OH (1.39 g), HATU (0.813 g) and IM N,N- 
diisopropylethylamine in DMF (4.3 mL) were added. The mixture was gently agitated for 2 
h. The reaction solution was drained from the resin and the resin was washed with DMF (4 x 

40 

25 20 mL). The resin was treated with 20% (v/v) piperidine (20 mL) for 10 min, then was 

washed with DMF (2 x 20 mL). This treatment was repeated, and the resin was washed with 
additional DMF (2 x 20 mL). 

Coupling of Asp. The resin was suspended in DMF (5 mL) and N- 
fluorenylmethyloxycarbonyl-L-Asp(0-t-Bu)-OH (0.88 g), HATU (0.813 g) and IM N.N- 

30 diisopropylethylamine in DMF (4.3 mL) were added. The mixture was gently agitated for 

1 .75 h. The reaction solution was drained from the resin and the resin was washed with DMF 
(4 X 20 mL). The resin was treated with 20% (v/v) piperidine (20 mL) for 10 min. then was 


30 


55 


wo 00/61631 PCT/GBOO/01319 

-34- 

5 

washed with DMF (2 x 20 mL). This treatment was repeated, and the resin was washed with 
additional DMF (2 x 20 mL). 

Coupling of Freidinger lactam. The resin was suspended in DMF (5 mL) and N- 
10 fluorenylmethyloxycarbonyl-L-Ile(Iaciam)-OH (0.932 g), HATU (0.813 g) and IM N,N' 

5 diisopropylethyiamine in DMF (4.3 mL) were added. The mixture was gently agitated for 1 
h. The reaction solution was drained from the resin and the resin was washed with DMF (4 x 
20 mL). The resin was treated with 20% (v/v) piperidine (20 mL) for 10 min, then was 
washed with DMF (2 x 20 mL). This treatment was repeated, and the resin was washed with 
additional DMF (2 x 20 mL). 
10 Coupling of 4-aminophenylacetic acid. The resin was suspended in DMF (5 mL) 

and N-fIuorenylmethyloxycarbonyl-4-aminophenylacetic acid (0.798 g), HATU (0.813 g) and 
IM N,N-diisopropylethylainine in DMF (4,3 mL) were added. The mixture was gently 
agitated for 1 h. The reaction solution was drained irom the resin and the resin was washed 
25 with DMF (4 x 20 mL). The resin was treated with 20% (v/v) piperidine (20 mL) for 10 min, 

1 5 then was washed with DMF (2 x 20 mL). This treatment was repeated, and the resin was 
washed with additional DMF (2 x 20 mL). 

Coupling of 2-quinoxaloyl chloride. The resin was suspended in DMF (5 mL) and 

30 

2-quinoxaloy] chloride (0.412 g) and IM N.N-diisopropylethylamine in DMF (4.3 mL) were 
added. The mixture was gently agitated for 5. 5 h. The reaction solution was drained from the 
20 resin and the resin was washed with DMF (4 x 20 mL). A second coupling of 2-quinoxaloyl 
35 chloride (0.412 g) and IM N,N-diisopropyiethyl amine in DMF (4.3 mL) was conducted for 

1 2 h. The reaction solution was drained from the resin and the resin was washed with DMF (4 
X 20 mL). 

The resin was washed with methanol (2 x 20 mL) and diethyl ether (2 x 20 mL) and 

40 

25 was then dried in vacuo. The product peptide was cleaved from the resin by treatment with 
trifluoroacetic acid containing 2% (v/v) thioanisole (85 mL) for 4 h. The resin was removed 
by filtration and washed with trifluoroacetic acid (2x10 mL). The filtrate was concentrated 
to afford a red oil which was triturated with diethyl ether (4 x 100 mL) to afford the crude 
product as a yellow solid (0.700 g). The product was purified by preparative HPLC on a 45 

30 mm i.d. x 30 cm Dynamax C„ 300 A column using an acetonitrile/water (-•-0.1% (v/v) 
^ trifluoroacetic acid) gradient at a flow rate of 60 mL/min. Fractions containing the desired 

product were pooled and lyophilized to afford the pure title compoimd as a pale yellow solid. 


55 


wo 00/61691 PCT/GBOO/0I319 

-35- 

^ Yield: 0.47 g. HPLC (Method 0: 6.97 min. MS (ES+): m/z 887.6 Da (M+H)* NMR 

(dj-DMSO + TFA-d): 5 9.59 (s. IH), 8.32 (m, IH), 8.25 (m, IH), 8.04 (m, 2H), 7.90 (d, J= 
8.7 Hz, 2H), 7.35 (d, J= 8.7 Hz, 2H), 4.52 (m, 2H). 4.39 (m, IH). 4.30 (d, J= 11.1 Hz, IH), 
10 4,18 (m, IH), 3.76 (m, IH). 3.51 (s, 2H). 3.30 (m, 2H), 3.1 1 (m, 2H). 2.70 (m. 2H), 2.48 (m, 

5 2H), 1 .77 (m, 4H), 1 .43 (m, 6H). 1 .05 (m. 2H), 0.85 (m, 12H). 

4-(2-Quinoxaloylaiiiido)phenylacetyl-3(R)-aniido-(2-oxopyrroiidiiie)-l-a-(l-L-(S)- 
methylpropyOacetyl-L-aspartyl-D-argininyl-L-isoleuGinyl carboxamide (Procedure A, 
Method 2): 

The peptide was assembled by a method analogous to that described in Method 1 up to 
1 0 the coupling of the Freidingcr lactam component starting with 0.5 g of RINK amide resin. 
2^ The N-terrainal substituent was then appended: 

Coupling of 4-(2>quinoxaloyl)-amidopfaeDylacctic acid. The resin was suspended in 
DMF (5 mL) and 4-(2-quinoxaloyl)-amidophenylacetic acid (0.23 g), HATU (0.285 g) and 
2Q IM N,N-diisopropylethylamine in DMF (1.5 mL) were added. The mixture was gently 

1 5 agitated for 1 h. The reaction solution was drained from the resin and the resin was washed 
with DMF (4 x 20 mL). The resin was washed with methanol (2 x 20 mL) and diethyl ether 
(2 X 20 mL) and was then dried in vacuo. The product peptide was cleaved from the resin by 

30 

treatment with trifluoroacetic acid containing 2% (v/v) thioanisole (30 mL) for 3 h. The resin 
was removed by filtration and washed with trifluoroacetic acid (10 mL). The filtrate was 
20 concentrated to afford a red oil which was triturated with diethyl ether (3 x 1 00 mL) to afifoid 
35 the crude product as a yellow solid (0. 1 84 g). The product was purified on a C|b SepPak. 

Fractions containing the desired product were pooled and lyophilized to afford the title 
compound as a pale yellow solid. Yield: 0.086 g. 

Ethyl 4-(2-quinoxaloyl)amidophenylacetate. A solution of ethyl 4- 

40 

25 aminophenylacetate (0.50 g) in dichloromethane (10 mL) was treated with 2-quinoxaloyl 

chloride (0.51 g) and N,N-diisopropylethylamine (0.38 g). The reaction mixture was stirred at 
room temperature for 2.5 h» then was diluted with ethyl acetate (50 mL) and washed 
45 sequentially with 0.1 N hydrochloric acid (2 x 50 mL), water (50 mL) and brine (50 mL). The 

aqueous washes were extracted with ethyl acetate (50 mL). The organic extracts were 
30 combined, dried over MgS04, filtered and evaporated to yield the title compound as a yellow 
^ solid. Yield 0.81 g. 'HNMR (CDCl,) S 9.87 (s, IH), 9.79 (s, IH). 8.23 (m, 2H), 7.91 (m. 
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2H), 7.81 (d. J= 8.1 Hz, 2H), 7.36 (d, J= 8.1 Hz, 2H), 4.17 (q, J- 6.9 Hz, 2H), 3.64 (s, 2H), 
1 .27 (t, J= 6.9 Hz, 3H). MS (APCI) m/z 358 (M+Na)\ 336 (M+Hr. 

4-(2-quiiioxaloyl)aiiiidophenyiacetic acid. A solution of ethyl 4-(2> 
'0 quinoxaloyOamido phenylacetate (0.8 g) and lithium hydroxide monohydrate (0.2 g) in 

5 tetrahydrofuran (20 mL), methanol (15 mL) and water (1 5 raL) was stirred at room 

temperature for 16 h. The mixture was then diluted with water (20 mL) and concentrated in 
^. vacuo to a final volume of ca. 40 mL. The solution was acidified to pH = 2 by addition of IN 

15 

hydrochloric acid to afford the product as a yellow precipitate, which was isolated by 
filtration, washed with water (2x10 mL) and dried. Yield: 0.68 g. *H NMR (d^-DMSO): 5 
10 12.3 (brs, IH), 10.8 (s, IH), 9.56 (s, IH), 8.31 (m, IH), 8.24 (m, IH). 8.03 (m. 2H). 7.88 (d, 
J= 8.4 Hz, 2H), 7,26 (d, J= 8.4 Hz, 2H), 3.58 (s, 2H). 

Procedure B (compounds where R' terminates with aromatics. cvcloalkvls. and 
heterocvcles^ 

25 4-(2-Naphthaloylamido)pbenylacetyl-3-(R)-amido-(2-oxopyiTolidine)-l-a-(l-L-(S)- 

1 5 methylpropyl)acetyl-b-8spartyl-N-(2-indanoyl)carboxamide (Procedure B, Method 1) 

Coupling of Asp. Polystyrene-PEG-PAC resin (50 g, 0.16 meq./gram) was suspended 
in DMF (300 mL) and was gently agitated for 30 minutes. The solvent was drained from the 

30 

resin, and the resin was washed with additional DMF (2 x 200 mL). Following the last DMF 
wash, N-fluorenylmethyIoxycarbonyl-L-Asp-a-(allyl)-OH (15.8 g) in DMF (-30 mL), 1.3- 
20 diisopiopylcarbodiimide (7.52 mL) and 0.08M of 4-dimethylaminopyridine in DMF (10 mL) 
35 were added to the resin. The mixture was gently agitated for 4.5 h. The reaction solution was 

drained from the resin and the resin was washed with DMF (4 x 200 mL). FT-IR analysis 
showed a strong absorption at 1760 cm '. To determine if the resin had been frilly derivatized, 
^ 0. 1 g of derivatized resin was treated with N-fluorenylmethy !oxycarbonyl-L-Asp-a-(allyl)-OH 

25 (0.03 16 g.), 1,3-diisopropylcarbodiimide (15 mL) and 0.08M of 4-dimethylaminopyridine in 
DMF (0.10 mL). The mixture was gently agitated for 3.5 h. The reaction solution was drained 
from the resin and the resin was washed with DMF (4x4 mL). FT-IR analysis showed no 
^ change in intensity of the 1760 cm'' absorption indicating that double coupling is unnecessary. 

The resin was treated with 20% (v/v) piperidine (250 mL) for 10 min, then was washed with 
30 DMF (2 x 300 mL). This treatment was repeated, and the resin was washed with additional 
50 DMF (4 x 250 mL). 
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Coupling of Freidinger lactam. A solution of N-fluorenylmethyloxycarbonyl-L- 
IIe(Iactam)-OH (5.24 g), HATU (4.41 g). NJM-diisopropylcthylamine (3.3 mL) in DMF (150 
mL) was added to the resin. The mixture was gently agitated for 4 h. The reaction solution 
10 was drained from the resin and the resin was washed with DMF (4 x 200 mL). A Kaiser test 

5 indicated the presence of free amine, therefore the resin was treated with N- 

fluorcnylmethyloxycarbonyl-L-Ilc(lactain)-OH (1.45 g), HATU (1.22 g) and N,N- 
diisopropylethylamine (0.91 mL) in DMF (45 mL). The mixture was gently agitated 
overnight The reaction solution was drained from the resin and the resin was washed with 
DMF (4 X 200 mL). A Kaiser test indicated no free amine. The resin was treated with 20% 
1 0 ( v/v) piperidine (250 mL) for 1 0 min, then was washed with DMF (2 x 300 mL). This 
treatment was repeated, and the resin was washed with additional DMF (4 x 250 mL). 

Coupling of 4-{2-naphthaloylamido) pbenylacetic Acid. A solution of 4-(2- 
naphthaloylamido)phenylacetic acid (7.32 g), HATU (8.97 g) and N.N-diisopropylethylamine 
25 (6.56 mL) in DMF (150 mL) was added to the resin. The mixture was gently agitated for 4 h. 

1 5 The reaction solution was drained from the resin, and the resin was washed with DMF (4 x 200 
mL). A Kaiser test indicated no free amine. The reaction solution was drained from the resin 
and the resin was washed with DMF (4 x 250 mL). 

30 

Removal of the allyl protecting group from AspHX-allyl ester. The resm was 
washed with: DMF (2 x-300 mL); methylene chloride (5 x 300 mL); and 5% acetic acid / 
20 2.5% N- methylmorpholine in methylene chloride (2 x 350 mL). The washed resin was 
35 suspended in 5% acetic acid / 2.5% N-methylmorpholine in methylene chloride(800 mL). 

Tetrakis (triphenylphosphine)palladium(O) (14 g) was added and mixed gently for 48 hr. The 
reaction solution was drained from the resin and the resin was washed with: 5% acetic acid / 
2.5% N- methylmorpholine in methylene chloride (5 x 350 mL); methylene chloride (3 x 300 

40 

25 mL); 0.5% sodium dietyldithiocarbamate in DMF (4 x 300 mL); DMF (5 x 300 mL); 

methylene chloride (4 x 300 mL); 10% acetic acid in methylene chloride (4 x 300 mL); and 
ether (6 x 300 mL). The resin was dried under high vacuum for 18h. Yield : 45 g. 

Coupling of 2-amiikoindan. A solution of 2-aminoindan hydrochloride (0.271 g), 
HATU (0.597 g)» and N,N-diisopropylethylaraine (0.56 mL) in DMF (4 mL) was added to the 
30 resin (2.0 g). The mixture was gently agitated for 4 h. The reaction solution was drained fix)m 
QQ the resin and the resin was washed with DMF (4 x 20 mL). The resin was treated with a 

solution of 2-aminoindan hydrochloride (0.271 g), HATU (0,597 g), and N,N- 
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diisopropylethylomine (0.56 mL) in DMF (4 mL). The mixture was gently agitated for 1 8 hr. 
The reaction solution was drained from the resin and the resin was washed with DMF (5 x 20 
mL), methylene chloride ( 5 x 20 mL). and diethyl ether (5 x 20 mL) and was then dried in 
vacuo. The product peptide was cleaved from the resin by treatment with trifluoroacetic acid 
containing 2.5% (v/v) water (35 mL) for 1 .5 h. The resin was removed by filtration and 
washed with trifluoroacetic acid (2x10 mL). The filtrate was concentrated to afford a tan oil 
which was triturated with diethyl ether (3 x 50 mL) to afford the crude product as a white 
solid (0.200 g). The product was purified by preparative HPLC on a 25 mm i.d. x 20 cm 
Waters 300 A column using an acetonitrile/water (+0.1% (v/v) trifluoroacetic acid) gradient at 
a flow rate of 12 mL/min. Fractions containing the desired product were pooled and 
lyophilized to afford the pure title compound as a white solid. Yield : 0.083 g. MS (API+); 
734, 

4-(2-NaphthaIoylamido)phenylacetyl-3-(R)-amido-(2-oxopyiTolidine)-l-a-(l-L.- 
(S)-methylpropyl)acetyl-L-aspartyl-sarcosinyl-N-|(+/-)-tetrahydrofurfuryi]carboxaiiiide 
(Procedure B, Method 2): 


The peptide was assembled by the method described in Procedure B, method 1 . The 
only difference is that the amine components were synthesized on the Bohdan RAM 
synthesizer using low temperature conditions. 

Coupling of sarcosinyl-N-|(+/-)-tetrabydrofurfuryi)Garboxamide.HCl. The 
following solution containing: sarcosinyl-N-[(+/*)-tetrahydrof\irfuryl]carboxamide.HCl (0.125 
g), HATU (0.036 g), N,N-diisopropylethylamine (0.054ml) and l-methylimidazole (O.012ml) 
in DMF (4 mL) was added to the resin (0.6 g). The mixture was gently agitated for 4 h. The 
reaction solution was drained from the resin and the resin was washed with DMF (4 x 20 mL). 
The resin was treated with the following solution containing: sarcosinyl-N- [(+/-)- 
tetrahydrofurfuryl]-carboxamide.HCl (0.125 g), HATU (0.036 g), N,N-diisopropylethylamine 
(0.054m]) and I-methylimidazole (0.012 mL) in DMF (4 mL). The mixture was gently 
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agitated for 18 hr. The reaction solution was drained from the resin and the resin was washed 
with DMF (5 x 20 mL), methylene chloride (5 x 20 mL), and diethyl ether (5 x 20 mL) and 
was then dried in vacuo. The product peptide was cleaved from the resin by treatment with 
10 trifiuoroacetic acid containing 2.5% (v/v) water (35 mL) for 1.5 h. The resin was removed by 

5 filtration and washed with trifiuoroacetic acid (2x10 mL). The filtrate was concentrated to 
afford a clear oil which was triturated with di^yl ether (3 x 50 mL) to afford the crude 
product as a white solid (0.096 g). 

The product was purified by preparative HPLC on a 25 mm i.d. x 20 cm Waters 300 A 
column using an acetonitrile/water (+0.1% (v/v) trifiuoroacetic acid) gradient at a flow rate of 
10 12 mL/min. Fractions containing the desired product were pooled and lyophilized to afford 
the pure titie compound as a white solid. Yield : 0.060g. HPLC 25.52 min. MS (API-Na+): 
793. 

Preparation of sarcosiDyl-N-|(+/-)-tetrahydrofurfuryl]Garboxamide JlCl 
25 t-Boc-sarcosinyl-N-[(+/->-tetrahydrofurfuryl]carboxamtde. In the Bohdan RAM 

1 5 synthesizer using the cooling block reactor, a solution containing t*boc-sarcosine (0.38 g) and 
N-methylmorpholine (0.242 mL) in THF (6.0 mL) was cooled to -20 **C. To this cooled 
solution, isobutyl chloroformate (0.262 mL) in THF (3.0 mL) was added using a slow syringe 

30 

speed. The reaction was kept at -20 **C for two hours with mixing every 30 minutes by way of 
nitrogen bubbling. A solution containing tetrahydrofiirfuryiamine (0.248 mL), 1- 
20 methylimidazole (0.264 mL) in THF (4.0 mL) was added using a slow syringe speed. The 
35 reaction was kept at -20 for four hours with mixing every 30 minutes by way of nitrogen 

bubbling. The cooling unit was then turned off and the reaction was allowed to warm to room 
temperature overnight with mixing every 30 minutes by way of nitrogen bubbling. The 
solvent was removed imder vacuum. The residue was dissolved in ethyl acetate (75 mL) and 

40 

25 washed with water (2x10 mL), acetic acid ( 10% aqueous. 3x15 mL), and NaOH (IM, 2 x 
10 mL). The organic extract was dried over MgS04 , filtered and evaporated. HPLC 9.5min. 
MS (API+): 273. 

45 SarcosinyI-N-I(+/')-tetrahydrofurft]ryllcarboxamide.HCI. t-Boc-sarcosinyl-N-[(+/- 

)-tetrahydrofurfuryl]carboxamide was dissolved in 6 N HCl (10 mL) and for four hours. The 
30 reaction was diluted with water (30 mL). shell-frozen and lyophilized to afford the pure title 
^ compound as a white solid. Yield : 0.410g. HPLC 3.5min. MS (API+): 173. 
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4-(2-Naphthaloylamido)phenylacetyl-3-(R)-amido-(2s>xopyiTolidine>-l-a-(l-Lp(S)- 
inethylpropyl)acefyl-L-aspartyl-5arcosinyl-D-tertiary-leucine (Procedure B, Method 3): 

10 O Chiial 


15 


45 


50 
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The peptide was assembled using the Milligen 9050 continuous flow automated 
2Q peptide synthesizer by the finoc/t-butyl strategy on Pepsyn KA(IOO) resin. 

Coupling of D-tertiary leucine. Pepsyn KA(IOO) resin (5.0 g, 0. 10 meq7gram) was 
suspended in DMF (30 mL) and was gently agitated for 30 minutes. The solvent was drained 
10 from the resin, and the resin was washed with additional DMF (2 x 20 mL). Following the last 

25 

DMF wash, N-fluorenylmethyloxycarbonyl-D-tertiary leucine (0.884 g) in DMF (-4 mL), 1,3- 
diisopropylcarbodiimide (0.47 mL) and 0.030 g of 4*dimethylaminopyridine in DMF (2 mL) 
were added. The mixture was gently agitated for 4.5 h. The reaction solution was drained 
30 from the resin and the resin was washed with DMF (4 x 20 mL). This derivatized resin was 

1 5 then packed into a 1 7 mm x 1 50 mm Onmi high pressure borosiiicate glass column with 

PTFE adjustable end piece and attached to the Milligen 9050 automated peptide synthesizer to 
complete the synthesis. 

Coupling of N-fluorenylmethyloxycarbonyl-Sar-OU. On the Milligen 9050, the 
fmoc protecting group was removed by use of 20% (v/v) piperidine / DMF using a 10 min 
20 cycle. The efficiency of the deprotection and coupling cycles were monitored by recording 
^ both pre- and post-column UV absorption (-300-350 nm). The following solution containing: 

N-fmoc-Sar-OH (0.545 g), HATU (0.660 g). N,N-diisopropylethylamine (0.610 mL) In DMF 
(5.30 mL) was added to the resin using a two- hour coupling cycle. The resin was then treated 
with 20% (v/v) piperidine / DMF using a 10 min cycle. The UV monitoring indicated 
25 satisfactory coupling and deprotection cycles for these steps. 

Coupling of N-fluorenylmethyloxycarbonyl-Lr-Asp(OBu)-OH. A solution of N- 
fluorenylmethyloxycarbonyl-L-Asp(OBu>OII (0.720 g), HATU (0.660 g), and N JJ- 
diisopropylethylamine (0.610 mL) in DMF (5.30 mL) was added to the resin using a three- 
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hour coupling cycle. The resin was then treated with 20% (v/v) piperidine / DMF using a 10 
min cycle. The UV monitoring indicated satisfactory coupling and depiotection cycles for 
these steps. 

10 Coupling of Freidinger lactam. A solution of N-fluorenylraethyloxycarbonyl-L- 

5 He(Iactam)-OH (0.764 g), HATU (0.660 g), and N,N-diisopropylethylamine (0.610 mL) in 
DMF (5.30 mL) was added to the resin using a three-hour coupling cycle. The resin was then 
treated with 20% (v/v) piperidine / DMF using a 1 0 min cycle. The UV monitoring indicated 
satisfactory coupling and deprotection cycles for these steps. 

Coupling of 4-(2-naphtlialoylamido)phenylacetic acid. A solution of 4-(2- 
10 naphthaloylaniido)phenylacetic acid (0.534 g), HATU (0.660 g), and N,N- 

diisopropylethylamine (0.610 mL) in DMF (5.30 mL) was added to the resin using a three- 
hour coupling cycle. The UV monitoring indicated satisfactory coupling cycle for this step. 
The resin was washed with DMF (5 x 20 mL), methylene chloride (5 x 20 mL), and diethyl 
25 ether (5 x 20 mL) and was then dried in vacuo. The product peptide was cleaved from the 

1 5 resin by treatment with trifluoroacetic acid containing 2.5% (v/v) water (35 mL) for 1 .5 h. The 
resin was removed by filtration and washed with trifluoroacetic acid (2x10 mL). The filtrate 
was concentrated to afford a clear oil which was triturated with diethyl ether (3x50 mL) to 

30 

afford the crude product as a white solid (0.4 10 g). The product was purified by preparative 
HPLC on a 25 mm i.d. x 20 cm Waters 300 A colunm using an acetonitrile/water (+0.1% 
20 (v/v) trifluoroacetic acid) gradient at a flow rate of 1 2 mL/min. Fractions containing the 
35 desired product were pooled and lyophilized to afford the pure title compound as a white 

solid. Yield : 0.271 g. HPLC 21.72 min. MS (LC-ES-i-): 801. 
Procedure C (compounds where R* terminates with -NH-aikvO 
4-(2-quinolinylamido)phenylacetyl-3-(R)-amido-(2'OXopyrrolidine)-l-oc-(l-L-(S)- 

40 

25 methylpropyl)acetyl-L-aspartyl-l>-argininyl-isobutyl 

Coupling of isobutylamine. Polystyrene resin with the EUman^s aldehyde linker (50 
mmol) was swelled in DMF (1000 mL) and acetic acid (10 mL) for 10 minutes. Isobutylamine 
^ (32 mL, 325 mmol) and sodium triacetoxyborohydride (69.5 g, 328 mmol) were added. The 

mixture was stirred with an overhead stirrer for two hours, then transferred to a fritted glass 
30 funnel and was washed with a one to one mixture of methanol and DMF (3 x 300 mL), DMF 
00 (3 X 300 mL), methylene chloride (5 x 300 mL) and methanol (5 x 300 mL). The resin was 
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dried in vacuo at 40 ^ for 16 hours. MAS-NMR showed dis^pearance of the aldehyde 
proton. 

Couplmg of D-Arg. A portion of this material (8 g, 6.5 mmol) was swelled in DMF 
for 1 5 minutes, then added a solution of N-fluorenyimethyloxycarbonyl-D-Arg(Pbf)-OH (5 g, 
7.5 mmol), HATU (2.8 g, 7.4 mmoi), and DIEA (2.7 mL, 15 mmol) in DMF (50 mL). The 
reaction was mixed with a gentle nitrogen gas flow for two hours. The liquid was drained and 
the resin was washed with DMF (10 x 50 mL). NPIT test showed unreacted amine. The resin 
was ureated with a second batch of the reaction cocktail (4.2 g N-fluorenylmethyloxycaibonyl- 
D-Arg(Pbf)-OH, 2.3 g HATU, and 2.7 mL DIEA in 50 mL DMF) for an additional hour. The 
liquid was drained and the resin was washed with DMF (10 x 50 mL). NPFT test showed the 
reaction was complete. The resin was treated with 20% piperidine in DMF (2 x 50 mL) then 
washed with DMF ( 1 0 x 50 mL). 

Coupling of Asp. A solution of N-fluorenylmethyloxycarbonyl-L-Asp(0-t-Bu)-OH 
(6.2 g, 1 5 mmol), HATU (5.0 g, 13 nrniol) and DIEA (5 mL, 30 mmol) in DMF (50 mL) was 
added to the resin and mixed with a gentle nitrogen gas flow for 16 hours. The liquid was 
drained and the resin was washed with DMF (10 x 50 mL). Kaiser test showed the reaction 
was complete. The resin was treated with 20% piperidine in DMF (2 x 50 mL) then washed 
with DMF (10 X 50 mL). 

Coupling of Freidinger lactam. A solution of N-fluorenylmethyloxycarbonyl-D- 
freidingerlactam-L-isoleucine (6.6 g, 15 mmol), HATU (5.0 g, 13 mmol) and DIEA (5.0 mL. 
30 mmol) in DMF (50 mL) was added to the resin and mixed with a gentle nitrogen flow for 3 
hours. The liquid was drained and the resin was washed with DMF (10 x 50 mL). Kaiser test 
showed the reaction was complete. The resin was treated with 20% piperidine in DMF (2 x 50 
mL) then washed with DMF (10 x 50 mL). 

Coupling of 4-aniinophenylacetic acid. A solution of N- 
fluorenylmethyioxycarbonyM-aminophenylacetic acid (4.1 g, 1 1 mmol), HATU (3,8 g, 10 
mmol) and DIEA (2.6 mL, 20 mmol) in DMF (50 mL) was added to the resin and mixed with 
a gentle flow of nitrogen gas for 16 hours. The liquid was drained and the resin was washed 
with DMF (10 X 50 mL). Kaiser test showed the reaction was complete. The resin was washed 
with methylene chloride (5 x 50 mL) and ether (5 x 50 mL) then dried in vacuo at 40 °C for 5 
hours. A portion of this resin (2.4 g, 1 mmol) was swelled in DMF (20 mL) for 30 minutes, 
treated with 20% piperidine in DMF (2 x 20 mL) then washed with DMF (10 x 20 mL). 
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Coupling of quinaldic acid. A solution of quinaldic acid (0.52 g, 3 mmol), HATU 
(0.95 g, 2.5 mmol) and DIEA (I mL, 6 mmol) in DMF (20 mL) was added to the resin and 
mixed with a gentle flow of nitrogen gas for 16 hours. The liquid was drained and the resin 
was washed with DMF (10 x 20 mL), methylene chloride (5 x 20 mL) and ether (5 x 20 mL) 
then dried in vacuo aX 40 °C for 30 minutes. The resin was treated with a solution of TFA (50 
mL), water (1 mL), thioanisole (1 mL), and TIS (0.5 mL) for one hour. The liquid was filtered 
from the resin and reduced to about 5 mL by rotary evaporation. Ether (200 mL) was added to 
precipitate the crude product Purified by preparative HPLC on C,s Dynamax column (21 A 
mm X 25 cm, 60A) using a gradient of 20% to 40% acetonitrile in water with 0.5% TFA. 
Fractions containing pure product were combined and lyophilized to give 0.40 g (42%) of the 
finaJ product as a yellow solid. HPLC: 93% purity 6.51 min C,8 Dynamax (5 cm x 4.6 mm, 3 
l^m particle, 100 A pore) 20 - 60% acetonitrile/ water (each containing 0.5% TFA) over 7.5 
min. at I mL/min. MS clcctrospray M+ 829.4 parent, 415.4 base. HNMR250 MHz (DMSO- 
d„ TFAkI,) 0.86 m 12H, 0.94 m 2H, 1.48 m 4H, 1.78 m 3H, 1.94 m IH, 2.32 m IH, 2.60 m 
2H, 2.91 dy= 5.5hz2H, 3.1 1 t J=5.3h2 2H, 3.35 m 2H, 3.52 s 2H, 4.21 m IH, 4.26 d 
7-23.3hz IH, 4.48 m 2H, 7.36 d ^7.0 2H, 7.78 t^6.0 IH, 7.92 m 2H, 8.14 d ^6.5 IH, 8.30 
d^7.0 2H 8.66dJ^7.0 IH 
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Claims: 

1 . A linear peptide of the formula: 



wherein: 

R' is -CH2CH2-. -CHjCHjCHz-. =CH-CH=CH- or -N=<:H-; 
RMsHor CH3; 

R' is -CHjCHjCH,-. -(E)-CH=CHC(=0)NH-, -CH2CHjC(=0)NH-, para-disubstituted 
phenyl, ortho-disubstituted phenyl, meta-disubstituted phenyl or a single bond; 
R* is -NHC(=0)-. -C(0)NH- or .S(=0)2NH.; 

R' is 1-naphthyl, 2-naphthyl, -CH^CH^NHCH^CH-CH-phenyl, -CH^CH^-phenyl. - 
CH=CH-phenyl, 2-quinolyl, 3-quinolyI, 4-quinolyl, 6-quinolyl, 3-isoquinolyl, 2-quinoxaiine, 
5-chloio-2-indolyl, 2-indolyl, 4-chlorophenyl, 4-niethylphenyl, 3-methoxyphenyl, 4- 
cyanophenyl, 3,4-difluorophenyl, 3-chloro-4-fluoropheny], 2,4-diclilorophenyl, 3,4- 
dichlorophenyl, 4-chlorophenyl, 3,5-dimethoxyphenyl, 4-/err-butylphenyl, phenyl, 4- 
trifluoromethylphenyl, -CHjCHjCHj-phenyl, 6-quinolyl-C(=0)-, 2-quinoxaline-C(=0>-, 5- 
chloro-2-beniniida2oIyl, fluorenyimethoxycarbonyl, 4-chJorobenzyU 4-methylbenzyl, 3- 
quinoxalinyl, 3,4-difluorophenyl, or 4-fluorophenyl; 

R* is isobutyl or jec-butyl; 

R' is N-methylglycine» -NHCHjCHjNHCCK))-, L-arginine, D-arginine, L-omithine, D- 
omithine, histidine» citruUine, proline, hydroxyproline, 3-pyridinylalanine, L-N- 
methylalanine, D-N-methylaianine, aminobutyric acid, N-2-indolizidinyl or thiazolidine; 

R* is L-isoleucine-NHj, D-isoleucine-NHj, -CHj-cyclopentyl, -CH2-2- 
tetrahydrofiiranyl, tert-butylglycine-NHj, n-butyl, isobutyl, -NH-cyclopentyl, -NHCH2-2- 
furanyl, -NHCHi-pyrininyl, -NHCHj-cyclohexyl, D-leucinol, -NH-isobutyl, L-allo-isoleucine- 
NH,, l-hydroxycycloleucinol, 2-(aminomethyl)-l-ethyl-pyrrolidine, or (S)-NH-2-methylbutyi, 
or R' is absent ^en R' is N-2-indolizidinyl; 

R' is =CH- or -C(=0)-; and 


wo 00/61631 PCT/GBOO/01319 

-45- 

represents a double bond when is K!IH- and a single bond when R* is - 

C(=0)-. 

2. The compoiind of Claim I, wherein 
R* is -N=CH.; and 

R' is =CH-. 

3. The compound of Claim 1, wherein: 

R' is -CHjCHj-, -CHjCHjCHj- or =CH-CH=CH-; and 
R' is -C(=0>-. 

4. The compound of Claim 3, wherein 
R' is -CH2CH2S 

R^ is para-disubstituted phenyl; 
R" is -C(=0)NH-; 

R' is 1-naphthyl, 2-naphthyl, -CHjCHjNHCHjCHKTH-phenyl, -CHjCHa-phenyl, 
-CH=CH-phenyl, 2-quinolyl, 3-quinolyl, 4-quinolyl, 6-quinolyl, 3-isoquinoly], 2-quinoxaline, 
S-chloro-2-indolyI, 2-indolyl, 4-chlorophenyl, 4-methylphenyl, 3-methoxyphenyl, 
4-cyanophenyl, 3,4-difluorophenyI, 3-chloro-4-fluorophenyl, 2,4-dichlorophenyl, 
3,4-dichlorophenyl, 4-chlorophenyl, 3,5-dimethoxyphenyl, 4-/gr/-butylphenyl, phenyl or 
4-tnfluorophenyl; and 

R' is sec-butyl 

5. The compound as recited in Claim 4, wherein 
R' is H; 

R* is 2-naphthyl; 

R^ is L-arginine or D-arginine; and 
R" is isobutyl. 

6. The compound of Claim 4, wherein 
R^ is H; 

R^ is 2-quinoxaline; 

R^ is L-arginine or D-arginine; and 

R' is L-isoleucine-NHj or D-isoleucine-NHi. 

7. A pharmaceutical composition having natriuretic, diuretic or vasodilator activity in 
mammals, comprising a pharmaceutically effective amount of a linear peptide of Claim 1 . 
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8. A method for treating one or more conditions selected from the group consisting of 
pulmonary hypertension, congestive heart failure, nephritic syndrome, hepatic citihosis, 
pulmonary disease, pulmonary hypertension and renal failure, comprising the step of 
administering a pharmaceutical I y-effective amount of a compound according to Claim 1 . 

9. A method for treating one or more conditions selected from the group consisting of 
pulmonary hypertension, congestive heart failure, nephritic syndrome, hepatic cirrhosis, 
pulmonary disease, pidmonary hypertension and renal failure, comprising the step of 
administering a pharmaceutical ly-efiTective amount of a compound according to Claim 4. 
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Effects of Compound iV at 30 
and 100 mg/kg p.o. on Acute 
Hypoxia in Normal Rats 

30, 



Vehicle 30 mg/kg 100 mg/kg 
(n=:16) (n=9) (n=9) 


ii4th Insult 
B5th Insult 
* p<0.05 


A MAP(mmHg) 



Vehicle 30 mg/kg 1 00 mg/kg 
(n=16) (n=9) {n=9) 


Figure 1 
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